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LV. Conjectures concerning the Caufe, and 
Qbfervations upon the Phenomena of 
Earthquakes j particularly of that great 
Earthquake of the Firft of November, 
1755, which proved fo fatal to the City of 
Lifbon, and whofe Effe&s were felt as far 
as Africa, and more or lefs throughout 
almoft all Europe ; by the Reverend John 
Mi-chcll, M. A. Fellow of Queen's College, 
Cambridge. 

INTRODUCTION. 

Read Feb. 28. >Art. i.TT has been the general opi- 
20^27. i 7 6a) JL n ^ on °f philofophers, that 

earthquakes owe their origin to fome 
fudden explofion in the internal parts of the earth. 
This opinion is very agreeable to the phenomena,, 
which feern plainly to point out fomething of that 
kind. The conjectures, however, concerning the 
caufe of fuch an explofion, have not been yet, I think, 
fufficiently fupported by fails; nor have the more 
particular effects, which will arife from it, been 
traced out; and the connexion of them with the 
phenomena explained. To do this, is the intent of 
the following pages ; and this we are now the better 
enabled to do, as the late dreadful earthquake of the 
iff. of November 1755 fupplies u-s with more * facts, 

and 

* Many of thefe fa<3s are colle&ed together in the 49th volume 
of the Fhilofophical Tranfa&ions, The fame are alfo to be found, 

With; 
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and thofe better related, than any other earthquake 
of which we have an account. 

2. That thefe concuflions fhould owe their origin to 
fomething in the air, as it has fometimes been imagined, 
feems very ill to correfpond with the phenomena. 
This, I apprehend, will fufficiently appear, as thofe 
phenomena are hereafter recounted ; nor does there 
appear to be any fuch certain and regular connexion 
between earthquakes and the ftate of the air, when 
they happen, as is fuppofed by thofe who hold this 
opinion. It is faid, for inftance, that earthquakes 
always happen in calm ftill weather : but that this is 
not always lb, may be feen in an account of the 
* earthquakes in Sicily of 1693, where we are told, 
" the fouth winds have blown very much, which 
" flill have been impetuous in the moft fenfible 
" earthquakes, and the like has happened at other 
" times." 

3. Other examples to the fame purpofe we have 
in an account of the earthquakes that happened in 
New England in J727 and 17285 the author of 



with Come additional ones, in " The Hiftory and Philofophy of 
" Earthquakes," (a work well worth the perufal of thofe, who- 
are defirous of being acquainted' with this fubjeft). The author 
of it has given us, befides the aforefaid fa&s, a very judicious 
abridgment of ten of the moft confiderable writers upon the fub- 
}e€t. I have taken the greateft part of my authorities either from 
this author, or the Philofophical TranfacTions, that thofe who 
would wifli to examine them, may have an opportunity of doing 
it the more eafily ; fome things only, which were not to be met 
with in thefe, and which yet were neceffary to my purpofe, I 
have been obliged to feek for elfewhere. 

* See Philo?.. Tranf. N° 207. or vol. ii. p. 408. Lowthorp's 
Abridgment. 

which: 
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which fays, that he could neither obferve any con- 
nexion between the weather and the earthquakes, 
nor any prognoftic of them ; for that they happened 
alike in all kinds of weather, at all times of the tides, 
and at all times of the moon *. 

4. If, however, it fhould flill be fuppofed, not- 
withstanding thefe inftances to the contrary, that 
there is fome general connexion between earthquakes 
and the weather, at the time when they happen, 
yet, furely, it is far more probable, that the air 
mould be affe&ed by the caufes of earthquakes, than 
that the earth fhould be affected in fo extraordinary 
a manner, and to fo great a depth j and that this, 



* See Philof. Tranf. N° 409. or vol. vi. part ii. p. 202. 
Eames's Abridgment. — To thefe authorities, we may add the 
opinion of Monf. Bertrand, who expreffes himfelf, upon this 
occafion, in the following manner. " Ariftetle, Pliny, and 
" Seneca, tell us, that earthquakes are preceded by a calm and 
" ferene air. This is, indeed, often the cafe, but not always. 
" I don't know, upon an examination of the whole, if there are 
te not as many exceptions to this rule, as examples that confirm 
" it. Some authors again have thought, that they might look on 
" a dark fky, lightenings, and fudden ftorms, as the forerunners 
" of earthquakes." Then relating fome inftances of ftiocks that 
happened in calm and ferene weather, he adds, " On the other 
" hand, it appears, from the examples, which we have before 
" related, that many earthquakes have happened at the time of 
" great rains, violent winds, and with a cloudy fky ; fo that one 
" cannot find any certain prognoftic of them in the ftate of the 
" atmofphere," See Memoires H'tflor'iques et Pbyjiques fur les 
tr emblement deTerre,par Monf. Bertrand, a la Haye 1757. This 
author, in thefe fenfible memoiis, has obliged the public with a 
circumftantial account of all the fa£ts he could collect, relating to 
the earthquakes of Switzerland, or thofe of other places, that 
feemed to be connected with them. The whole feems to be done 
with care and fidelity, and without the leaft attachment to any 
particular fyftem. 

and 
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and all the other circumftances attending thefe mo- 
tions, fliould be owing to fome caufe refiding in 
the air. 

f. Let us then, rejecting this hypothefis, fuppofe, 
that earthquakes have their origin under ground, and 
we need not go far in fearch of a caufe, whofe real 
exiftence in nature we have certain evidence of, and 
which is capable of producing all the appearances of 
thefe extraordinary motions. The caufe I mean is 
fabterraneous fires. Thefe fires, if a large quantity 
of water fliould be let out upon them fuddenly, may 
produce a vapour, whofe quantity and elaftic force 
may be fully fufficient for that purpofe. The prin- 
cipal facts, from which I would prove, that thefe. 
fires are the real caufe of earthquakes, are as follow. 

Section I. 

6. Firji, The fame places are fubject to re- 
turns of earthquakes, not only at lmall inter- 
vals for fome time after any confiderable one 
has happened, but alfo at greater intervals of 
fome ages. 

7. Both thefe facts fufficiently appear, from the 
accounts we have of earthquakes. The tremblings 
and fhocks of the earth at * Jamaica in 1602, at 
* Sicily in 1603, and at * Lifbon in 175-^, were re- 
peated fometimes at larger, and fometimes at fmaller 
intervals, for feveral months. The fame thing has 
been obferved in all other very violent earthquakes. 
At -f Lima, from the a8th October 1746, to the 

* See the accounts of thefe in the Philof. Tranf. 

i See Antonio d'Ulloa's Voyage to Peru, part ii. book i. cb. 7. 

9 *4th 



r 570 j 

24th February 1747 (^ e time when the account of 
them was lent from thence), there had been num- 
bered no lefs than 4^1 (hocks, many of them little in- 
ferior to the firft great one, which deftroyed that city. 
8. The returns of earthquakes alio, in the fame 
places, at larger diftances of time, are confirmed by 
all hiflory. Constantinople, and many parts of Ada. 
Minor, have fuffered by them, in many different 
ages : Sicily has been fubjecf to them, as far back as 
the remains even of fabulous hiflory can inform us 
of: Lifbon did not feel the effects of them for the 
firft time in 1755: Jamaica has frequently been 
troubled with them, fince the Englifh firft fettled 
there ; and the Spaniards, who were there before, 
ufed to build their houfes of wood, and only one 
ftory high, for fear of them : * Lima, Callao, and 
the parts adjacent, were almoft totally deftroyed by 
them twice, within the compafs of about fixty years, 
fcarce any building being left ftanding, and the latter 
being both times overflowed by the fea : nor were 
thefe the only inftances of the like kind, which have 
happened there ; for, from the year 1 f 8 2 to 1 746, 
they have had no lefs than fixteen very violent earth- 
quakes, befides an infinity of lefs confiderable ones ; 
and the Spaniards, at their firft fettling there, were 
told by the old inhabitants, when they law them 
building high houfes, that they were building their 
own fepulchres -f\ 

p. Secondly, 



* See the place above- quoted. 

f What is here faid, is taken from d'Ulloa's Voyage to Peru, 
the Hiflory and Philofophy of Earthquakes a the Philof. Tianf. &c. 

wi'.ere 
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p. Secondly, Thofe places that are in the neigh- 
bourhood of burning mountains, are always 
jiibjcct to frequent earthquakes ; and the erup- 
tions of thole mountains, when violent, are ge- 
nerally attended with them. 

i o. Alia Minor and Conftantinople may be looked 
upon as in the neighbourhood of Santerini. The 
countries alfo about * ./F.tna, Vefuvius, mount Etecla, 
&c. afford us fufficient proofs to the fame purpofe. 
But, of all the places in the known world, I fuppofe, 
no countries are fo fubjecT: to earthquakes, as -f- Peru, 
Chili, and all the weftern parts of South America ; 
nor is there any country in the known world fo full 
of volcanos : for, throughout all that long range 
of mountains, known by the name of the Andes, 
from 4f degrees fouth latitude, to feveral degrees 
north of the line, as alfo throughout all Mexico, 
being about cooo miles in extent, there is a con- 
tinued chain of them %. 

ii. Thirdly, The motion of the earth in earth- 
quakes is partly tremulous, and partly propa- 
gated by waves, which fucceed one another 
fometimes at larger and fometimes at fmaller 

where many more examples, to the fame purpofe, are to be met 
with. See alfo Memoires fur les trembkmens de Terre ; in which 
are mentioned above 130 repetitions of earthquakes, that have 
happened, within tie compafs of 960 years, in Switzerland. 

* See many infiances of this in vol. ii. of Lowthorp's Abr. of 
the Philof. Tranf. 

f Monf. Bouguer fays, that fcarce a week pafles without earth* 
quakes in fome part of Peru. See Hift. of Earihq. p. 205. 

% See the Maps of thefe countries, Condamine's Voyage down 
*he Maranon, Acofta's Nat. Hift. of the Indies, &c. 

"Vol. LI. 4E diftances; 
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distances ; and this latter motion is generally 
propagated much farther than the former. 

i a. The former part of this proposition wants no 
confirmation : for the proof of the latter, viz. the 
wave-like motion of the earth, we may appeal to 
many accounts of earthquakes : it was very remark- 
able in the two, which happened at Jamaica in 
* 1687-8 and * j 692. In an account of the former, 
k is faid, that a gentleman there faw the ground rife 
like the fea in a wave, as the earthquake paffed 
along, and that he could diftinguifli the effedts of it, 
to fome miles diftance, by the motion of the tops of 
the trees on the hills. Again, in an account of the 
latter, it is faid, " the ground heaved and fwelled, 
" like a rolling fwelling fea," infomuch, that people 
could hardly ftand upon their legs by reafon of it. 

13. The fame has been obferved in the earth- 
quakes of -J- New England, where it has been very 
remarkable. A gentleman giving an account of one, 
that happened there the 18th November 1755, fays, 
the earth rofe in a wave, which made the tops of the 
trees vibrate ten feet, and that he was forced to fup- 
port himfelf, to avoid falling, whilft it was palling. 

1 4. The fame alfo was obferved at £ Lifbon, in 
the earthquake of the ift November 1755, as may 

bs 



* See Phil. Tranf. N° 209. or vol. ii. Lowthorp's Abridgment, 
p. 410. 

+ See Philof. Tranf. vol. 1. p. r, &c. 

j See the accounts collected together, in the 49th volume of the 
Philof. Tranf. or in Hift. and Philof. of Earthq. and particularly 
p. 315. where it is faid, « A moft dreadful earthquake fliook by 

« &ort, 
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be plainly collected from many of the accounts that 
have been publifhed concerning it, fome of which 
affirm it exprefly : and this wave-like motion was 
propagated to far greater diftances than the other 
tremulous one, being perceived by the motion of wa- 
ters, and the hanging branches in churches, through 
all Germany, amongft the Alps, in Denmark, Swe- 
den, Norway, and all over the Britiih ifles. 

i£. Fourthly, It is obferved in places, which are 
fubject to frequent earthquakes, that they ge- 
nerally come to one and the fame place, from 
the fame point of the compafs. I may add 
alfo, that the velocity, with which they pro- 
ceed, (as far as one can collecl: it from the ac- 
counts of them) is the fame ; but the velocity 
of the earthquakes of different countries is very 
different. 

16. Thus all the fhocks, that fucceeded the firfl: 
great one atLifbon in 1755, as well as the firft itfelf, 
came from the * north- weft. This is afferted by 
the perfon, who fays, he was about writing a hiftory 
of the earthquakes there : all the other 1 accounts alfo 
confirm the fame thing ; for what fome fay, that they 
came from the north, and others, that they came 

, - - 1 j-- 1 — ■■— -- - i - i .-- ■ 1 - ■-■ 1 1 i if 

" fhort, but quick vibrations, the foundations of all Lifbonj 
" then, with a fcarcely perceptible paufe, the nature of the mo- 
" tion changed, and every building was tolled -like a waggon 
** driven violently over rough ftones, which laid in ruins almoft 
*' every houfe, church, &t." 

For the wave-like motion at Oporto, fee Phil. Tranf. vol. xlix. 
p. 418. for the fame at Gibraltar, fee Hill, and Philcf. of Earthq. 
p. 322. 

* See Philof. Tranf. vol. xlix. p. 410. 

4 E 2 from 
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from the weft, cannot be looked on as any reafonable 
objection to this, but rather the contrary. The ve- 
locity alfo, with which they were all propagated, was 
the fame, being at leaft equal to that of found ; for 
they all followed * immediately after the noife that 
preceded them, or rather the noife and the earthquake 
came together : and this velocity agrees very well with 
the intervals between the time when the firft fhock 
was felt at Lifbon, and the time when it was felt at 
other diftant places, from the comparifon of which, 
it feems to have travelled at the rate of more than 
•f twenty miles per minute. 

17. An hiftorical account of the earthquakes, which 
have happened in % New England, fays,, that, of 
five confiderable ones, three are known to have come 
from the fame point of the compafs, viz. the north- 
weft : it is uncertain from what point the other two 
came, but it is fuppofed that they came from the fame 
with the former. The j| velocity of thefe has been 
much lefs than that of the Lifbon earthquakes : this 
appears from the interval between the preceding noife,, 
and the fhock,. as well as from, the wave-like motion, 
before- mentioned. 



* See Philof. Tranf; vol. xlix. p. 4141. or Hiftv and Philof. of 
Eartbq, p 315. 

t See Art. 97. 

% See Philof. Tranf. voL 1. p. gr. 

8 As in fome earthquakes the velocity, with which they are 
propagated, is much lefs than in others, it is evident, that they can 
by no means be owing to any caufe refiding in the air: for any 
fhock communicated to the air, muft neceflarily move with a ve- 
locity neither greater nor lefs than that of founds ; that is, at the 
jBate of about thirteen miles p/r minute.. 

18.. All 
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18. All the greater earthquakes, that have been 
felt at * Jamaica, feem, by the accounts given of 
them, to have come from the fea, and, palling by 
Port-Royal, to have gone northwards. The velocity 
of thefe alfo was far mort of the velocity of the Lif. 
bon earthquakes. 

io. The earthquake of -f* London, on the 8th of 
March iyfo, was fuppofed to move from eaft to 
weft. I have been credibly informed, that the fame 
thing happened in a flight fhock, which was felt 
there in the laft century, as the perfon, who told me 
this, had an opportunity of obferving ; for being, by 
accident, in a fcalemaker's mop at the time when it 
happened, he found that all the fcales vibrated from 
eaft to weft. 

20. All the mocks that have been lately felt at 
Brigue in Valais, have likewife come from the fame 
point of the compafs, viz. the fbuth J. 

o. i . Fifthly, The great Lilbon earthquake has been 
fucceeded by feveral local ones fince, the extent 
of which has been much lefs. 

ii. Such were the earthquakes in Switzerland; 
thofe on the borders of France and Germany j thofe 
in Barbary, &c . |J 



* See the accounts of them in Philof. Tranf. N° 209. or vol. ii. 
Lowthorp's Abr. p. 410, &c. 

f See Hift. and Philof. of Earthq. p. 250. or Philof; Tranf. 
vol. x. Martyn's Abr. Meteorology, paffim. 

J See Philof. Tranf. vol. xlix. p. 620. The fame has been 
obferved at Smyrna alfo, fee Philof. Tranf. N° 495, or Martyn's 
Abr. vol. x. p. 526. 

I See the accounts of thefe collected together in Philof. Tranf. 
wlxlix. or in the Hift. and Philof. of Earthq, 

Sec t>, 
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Sec t. II. 

23. How well foever theie fads may agree with 
the fuppofkion before laid down, That Subterraneous 
fires are the caufe of earthquakes, one doubt, how- 
ever, may perhaps remain j viz. how it is poffible 
that fires mould fubfift, which have no communica- 
tion with the outward air ? In anfwer to this, I 
might alledge the example of green plants, which take 
fire by fermentation, when laid together in heaps j 
where the admiflion of the outward air is fo far from 
being necefiary, that it will effectually prevent their 
doing fo. But, to pafs by this, we have many in- 
stances more immediately to the purpofe. 

24. Jt can hardly be fuppofed, that the fires of the 
generality of volcanos receive any fupply of frefh air 
(for this muft effectually be prevented by that vapour, 
which is continually rufhing out at all their vents), 
and yet they fubfift, and frequently even increafe, for 
many ages. Now, thefe are fires of the very fame 
kind with thofe, which I fuppofe to be the caufe 
of earthquakes. Other fads, ftill more exprefly to 
the purpofe, are as follow : 

25. In the earthquake of the ift of November 
1755, we are told, that both fmoke and light flames 
were feen on the coafl of Portugal, near Colares ; and 
that, upon occafion of fome of the fucceeding Shocks, 
a flight fmell of fulphur was perceived to accompany 
a " fog, which came from the fea, from the fame 
" quarter, whence the fmoke appeared *." 



* See Philof. Tranf. vol.xlix, p. 414, &c. 

26. In 
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26. In an account of an earthquake in New Eng- 
land, it is faid, that at Newbury, forty miles from 
Bofton, the earth opened, and threw up feveral cart- 
loads of fand and afhes ; and that the fand was alfo 
flightly impregnated with fulphur, emitting a blue 
flame, when laid on burning coals *. 

27. One of the relaters of the earthquake in Ja- 
maica in 1692, has thefe words: " In Port-Royal, 
" and in many places all over the ifland, much ful- 
" phureous combuftible matter hath been found 
" (fuppofed to have been thrown out upon the 
" opening of the earth), which, upon the firft touch 
" of fire, would flame and burn like a candle. 

28. " St. Chriftopher's was heretofore much 
" troubled with earthquakes, which, upon the erup- 
" tion there of a great mountain of combuftible rnat- 
" ter, which ftill continues, wholly ceafed, and have 
" never been felt there fince -{-." 

29. Again, we are told, that, on the 20th No- 
vember 1720, a burning J ifland was raifed out of 
the fea, near Tercera, one of the Azores, at which 
place, feveral houfes were waken down by an earth- 
quake, which attended the eruption of it. This 
ifland was about three leagues in diameter, and nearly 
round ; from whence it is manifeft, that the quan- 
tity of pumice Mones and melted matter, which mint 
have been requifite to form it, was amazingly great : 



* See Philof. Tranf. N° 409. or vol. vi. part ii. p. 20 r. 
Eames's Abr. 

t See Philof. Tranf. N° 209. or vol. ii. p. 418. Lowthorp's 
Abr. 

t See Philof. Tranf. N° 372. or vol. vi. part ii. p. 203. 
Eames's Abr. 

in 
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in all probability, it mufi have far exceeded all that 
has been thrown out of Mtns. and Vefuvius together 
within the Iaft two thoufand years. This may ierve 
'to fatisfy us, that the fire which occasioned all this, 
muft have fubfifted for many years, not to fay ages, 
and this without any communication with the exter- 
nal air. It is worth obferving, that * feveral in- 
stances of this kind have happened amongft the 
Azores. There are befides many marks of fubter- 
raneous fires about thefe iflands, feveral places fend- 
ing up fmoke or flames. Thefe iflands are alfo fub- 
jeci: to violent and frequent earthquakes. 

30. We have more inftances to the fame purpofe, 
near the ifland of Santerini in the Archipelago, where 
there have been feveral little iflands raifed out of the 
fea by a fubmarine volcano. The eruption of one of 
thefe in the year 1708, with all the circumstances 
that attended it, we have a very good account of in 
the -f Philofophical Tranfaclions. It was raifed in a 
place where the fea had been formerly 100 fathoms 
,deep, and was attended with earthquakes before it 
mewed itfelf above water, as well as after. It is re- 
ported, that the ifland of Santerini itfelf was origi- 
nally raifed out of the fea in the fame manner ; but, 
be that as it will, we have certain accounts of new 
iflands raifed there, or additions made to the old ones, 
from time to time, for above ipoo years backwards, 
and there have always been earthquakes at the time 
of thefe eruptions. 



* See Hift. and Philof. of Earthquakes, under the titles Azores, 
Iflands raifed, 13 c. 

t SeeN" 314, 317, and 332. or vol. v. part ii. p. J96. Jones's 
Abr. 

4 31. An- 
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$!. Another example of the fame kind happened 
4t * Manila, one of the Philippine Wands, in the 
year 1750. This alfo was attended with violent 
earthquakes> to which that ifland, as well as the reft 
-qf the Philippines, is very much fubje&. 

32. We may add to thefe, the many inftanees of 
f aft quantities of *f* pumice ftones, whkh have been 
fornetimes found floating upon die iea, at fo great a 
diftance from the more, as well as from any known 
volcano, that there can be little doubt of their being 
thrown up by fires fubiifting under the bottom of the 
ocean. 

33. From thefe inftanees, we may, with great 
probability, conclude, that the fires of volcanos pro- 
duce earthquakes : I do not, however, fuppofe, that 
the earthquakes, which are frequently felt in the 
neighbourhood of volcanos, are owing to the fires 
of thofe volcanos themfelves j for volcanos, giving 
paflage to the vapours that are there formed, mould 
rather prevent them, as in the inftance at St. Chri- 
•ftopher's, before-mentioned. 

34. We alfo meet with frequent inftances con- 
firming the fame thing amongft the Andes. Antonio 
d'Ulloa (fpeaking of what happens amongft theft 
mountains) fays, " Experience mews us, that, upott 
*' the frefh breaking out of any volcano, it occafions 
** fo violent a mock to the earth, that all the villages, 
* which are near it, arc overthrown and deftroyed. 



* See Philof. TranT. vol. xlix. p. 459. 
t See Philof. Tranf. N° 372. or vol. vi. part ii, p. 204. -ami 
W 402. or vol. vii. part U. p, 43. Earnest Abr, 

y 01,14, 4F «« 
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*' as it happened in the cafe of the mountain * Car- 
" guayrafo. This fhock, which we may, without 
" the leaft impropriety, call an earthquake, is fel- 
" dom found to accompany the eruptions, after an 
" opening is once made j or, if fome fmall trembling 
" is perceived, it is very inconfiderable j fo that, 
" after the volcano has once found a vent, the mocks 
" ceafe, notwithftanding the matter of it continues 
" to be on fire." The greater earthquakes, there- 
fore, feem rather to be occafioned by other fires, that 
lie deeper in the fame tracT: of country } and the erup- 
tions of volcanos, which happen at the fame time 
with earthquakes, may, with more probability, be 
afcribed to thofe earthquakes, than the earthquakes 
to the eruptions, whenever, at leaft, the earthquakes 
are of any confiderable extent. If this don't appear 
fufficiently manifeft at prefent, it will, perhaps, be 
better underftood, by applying to the prefent pur- 
pofe, what will be faid hereafter concerning local 
earthquakes. 

* It does not appear altogether certain, from the expreffion 
made ufe of in the French tranflation (from whence I have taken 
this), that Carguayrafo might not have been a volcano in former 
times, which is aflerted to have been the cafe by Monf. Conda- 
mine. It is poffible alfo, that the fame may be true of thofe four 
mentioned in the next article j and, indeed, it is difficult to know 
it to be otherwife, in any inftance, among the Andes, where the 
volcanos are generally found at inacceffible heights. But allowing, 
that all thefe were only old volcanos, which broke out. afrefh, yjst 
they 1 will ferve at leaft to fwell the number of them in the fame 
neighbourhood, as well as to fliew us, that there may, very pro- 
bably, be many more, which lie hid : for thefe fhewed no marks 
of their exiftence, till, by their eruption, they melted a vaft quan- 
tity of mow, with which they were before covered, and which, 
being reduced to water, did great damage, by overflowing the 
country round about. 

Sect* 
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Sect. III". 

35*. It may be afked, perhaps, why we mould 
fuppofe, that feveral fubterraneous fires exift in the 
neighbourhood of volcanos ? In evidence of this, 
We have frequent inftances of new volcanos breaking 
out in the neighbourhood of old ones : Carguayrafo, 
jurt mentioned, may fupply us with one example to 
this purpofej and, in the night of the 28th of Octo- 
ber 1746, in which Lima and Callao were deftroyed, 
no lefs than four * new ones burft forth in the ad- 
jacent mountains. 

36. To the fame purpofe, we may allege the in- 
ftances of many volcanosi lying together in the fame 
tracl of country : as for example, the many places, 
" not fo few as forty," amongft the Azores, which 
either do now or have formerly fent forth fmoke and 
flames ; the many volcanos alfo amongft the Andes, 
already mentioned : thus JEtna, Strombolo, and Ve- 
fuvius, I may add Solfatara too, are all in the fame 
neighbourhood : and Monf. Condamine fays, he has 
traced -f* lavas, exactly like thofe of Vefuvius, all the 
way from Florence to Naples. In J Iceland alfo, we 
have, befides Haxla, not only feveral other volcanos, 
but alfo a great number of places, that fend up ful- 



* See d'Ulloa's Voyage to Peru, part U. book i. chap. 7. 

f See Phil. Tranf. vol. xlix. p. 624. All thefe lavas, as well 
as the volcanos juft mentioned, lie in a continued line. The fame 
thing holds good in the volcanos of the Andes alfo. This is a f*6k 
I mint defire the reader to attend to, as it ferves to confirm a very 
material dodrine, which I (hall have occafion to mention here- 
after. See art. 44, 45, and 46. 

$ See Horrebow's Natural Hiftory of Iceland. 

4F 2 phureous 



phureous vapours. But the examples of this kind are 
fo frequent, that there are few inftances to be pro- 
duced of fingle volcanos, without evident marks, 
either that there have been others formerly in their 
neighbourhood, or that there are, at prefent, fub» 
terraneous fires near them. 

37. This frequency of fubterraneous fires, in the 
neighbourhood of volcanos, will appear ftill more 
probable, if we confider the internal ftructure of the 
earth j, and, as it will be necefiary alfo, in order to 
underftand what follows, to know a little more of 
this matter, than what falls under common obferva- 
tion, I fhall endeavour to give the reader fome ao* 
count of iL 

3&. The earth then (as fer as one can judge from 
die appearances), is not compofed of heaps of matter 
cafualry thrown together, but of regular and uniform, 
ftrata, Thefe ftrata, though they frequently do not 
exceed a few feet, or perhaps a few inches, in thick- 
nefs, yet often extend in length and breadth fair 
many miles, and this without varying their thick-, 
neis conflderably. The feme ftratum alfo pre&rves 
a uniform character throughout, though the ftrate 
immediately next to each other are very often totally 
different. Thus, for inftanee, we fhall have, per- 
haps, a ftratum of potters clay j above that, a ftra- 
tum of coal ; then another ftratum of fome other kind 
of clay j next, a fharp grit fand ftone; then clay 
again j next, perhaps, fand ftone again; and coal 
again above that} and it frequently happens, that 
none of thefe exceed a few yards in thieknefs. There 
are, however, many inftances, in which the fame 
kind of matter is extender! to the depth of fome 

hundreds 
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hundreds of yards -, but in all thefe, a very Few only 
excepted, the whole of each is not one continued 
mafs, but is again fubdivided into a great number 
of thin laminae, that feldom are more than one, two, 
or three feet thick, and frequently not fo much. 

39. Befide the horizontal divifion of the earth into 
ftrata, thefe ftrata are again divided and mattered by 
many perpendicular fiffures, which are in fome places 
few and narrow, but oftentimes many, and of con- 
fiderable width. There are alfo many inftances, 
where a particular ftratum fhall have almoft no 
fiffures at all, though the ftrata both above and be- 
low it are confiderably broken: this happens fre- 
quently in clay, probably on account of the foftnef* 
of it, which may have made it yield to the preffure 
of the fuperincumbent matter, and fill up thofe fif- 
fures which it originally had j for we fometimes meet 
with inftances in mines, where the correfpondent 
fiffures in an upper and lower ftratum are interrupted 
in an intermediate ftratum compofed of clay, or fome 
fuch foft matter. 

40. Though thefe fiffures do fometimes correfpond 
to one another in the upper and lower ftrata, yet this 
is not generally the cafe, at leaft not to any great di- 
ftance: thofe clefts, however, in which the larger 
veins of the ores of metals are found, are an excep- 
tion to this obfervation j for they fometimes pafs 
through many ftrata, and thofe of different kinds, to 
unknown depths. 

41. From this conftitution of the earth, viz. the 
want of correfpondence in the fiffures of the upper 
and lower ftrata, as well as on account of thofe ftrata 
which are little or not at all Shattered, it will come to 

pais, 
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pafs, that the earth cannot eafily be feparated in a 
direction * perpendicular to the horizon, if we take 
any confiderable portion of it together ; but in the 
horizontal direction, as there is little or no adhefion 
between one ftratum and another, it may be feparated 
without difficulty. 

4 a. Thofe fiffures which are at fome depth below 
the furface of the earth, are generally found full of 
water j but all thofe that are below the level of the 
fca, muft always be fo, either from the oozing of the 
fea, or rather of the land waters between the ftrata. 

43. The ftrata of the earth are frequently very 
much bent, being raifed in fome places, and de- 
preffed in others, and this fometimes with a very 
quick afcent or defcent ; but as thefe afcents and de- 
fcents, in a great meafure, compenfate one another, 
if we take a large extent of country together, we may 
look upon the whole fet of ftrata, as lying nearly ho- 
rizontally. What is very remarkable, however, in 
their iituation, is, that from raoft, if not all, large 
tracts of high and mountainous countries, the ftrata 
lie in a fituation more inclined to the horizon, than 
the country itfelf, the -j- mountainous countries being 

generally, 



* What I faid before of thofe deep clefts, in which metals are 
found, will not affe& this conclufion ; for they are confiderably 
different from either perpendicular or plane fe£tions of earth ; they 
are frequently interrupted by ftrata of clay, or other foft matter ; 
and they are, in moft parts, either filled up with rubbifti, or with 
ores and fparsj that adhere as firmly to the rocks on both fides, as 
if they compofed one continued ftratum with them. 

+ It feems very probable, from many appearances, not only that 
the mountainous countries are formed out of the lower ftrata of the 
earth, but that fometimes the higheft hills in them are formed 

out 
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generally, if not always, formed out of the lower 
ftrata of earth. This fituation of the ftrata may be 
not unaptly reprefented in the following manner. 
Let a number of leaves of paper, of feveral different 
forts or colours, be pafted upon one another ; then 
bending them up together into a ridge in the middle, 
conceive them to be reduced again to a level furface, 
by a plane fo paffing through them, as to cut off all 
the part that had been raifed j let the middle now be 
again raifed a little, and this will be a good general 
reprefentation of moft, if not of all, large tradts of 
mountainous countries, together with the parts ad- 
jacent, throughout the whole world *. 

44. From this formation of the earth, it will fol- 
low, that we ought to meet with the fame kinds of 
earths, ftones, and minerals, appearing at the furface, 
in long narrow flips, and lying parallel to the greateft 
rife of any long ridges of mountains j and fo, in fact, 
we find them. The Andes in South America, as it 
has been faid before, have a chain of voleanos, that 
extend in length above 5000 miles : thefe voleanos* 
in all probability, are all derived from the -f- fame 



out of ftrata (till lower than the reft, which, perhaps, may always 
be the cafe, where they have voleanos in them. fSee a repre- 
fentation of this in Tab. XIII. Fig. 3] In other inftances, how- 
ever, it often happens, that the hills, to which thefe high lands 
ferve as a bafe, are not only formed out of the ftrata next above 
them, but they ftand, as it were, in a difti, as if they had deprefled 
the ground, on which they reft, by their weight. 

* Fig.^ 1. reprefents a fe&ion of a fett of ftrata, lying in the 
fituation juft defcribed : the fe&ion is fuppofed to be made at right 
angles to the length of the ridge, and perpendicular to the ho- 
rizon. 

t See the notes to art, 36 and 53. See alfo Fig. 3. 

ftratum,. 
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ftratum. Parallel to the Andes, is the Sierra, another 
long ridge of mountains, that run between the Andes 
and the fea ; and " thefe two ridges of mountains run 
" within fight of one another, and ahnoft equally, 
" for above a thoufand leagues together *," being 
each, at a medium, about twenty leagues wide. The 
gold and filver mines wrought by the Spaniards, are 
found in a tracl: of country parallel to the direction of 
thefe, and extending through a great part of the length 
of them. 

4f. The fame thing is found to obtain in North 
America alfo. The great lakes, which give rife to 
the river St. Laurence, are kept up by a long ridge of 
mountains, that run nearly parallel to the eaftern coaft. 
In defcending from thefe towards the fea, the fame 
fets -(• of ftrata, and in the fame order, are generally 
met with throughout the greateft part of their length. 

46. In Great Britain, we have another inftance to 
the fame purpofe, where the direction of the ridge 
varies about a point from due north and fouth, lying 
nearly from J N. by E. to S. by W. There are many 
more inftances of this to be met with in the world, if 
we may judge from circumftances, which make it 
highly probable, that it obtains in a great number of 
places, and in feveral they feem to put it almoft out 
of doubt. 

47. The reader is not to fuppofe, however, that, 
in any inftances, the higheft rife of the ridge, and 

* See Acofta's Natural Hiftory of the Indies. 

+ See Lewis Evans's Map and Account of North America. 

X Of this I could give many undoubted proofs, if it would not 
too far exceed the limits of my prefent deiign, and which, for that 
reafon, I am obliged to omit. 

the 
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the inclination of the flrata from thence to the coun- 
tries on each fide, is perfectly uniform ; for they have 
frequently very considerable inequalities, and thele 
inequalities are fometim.es fo great, that the llrata are 
bent for fome fmall diftance, even the contrary way 
from the general inclination of them. This often 
makes it difficult to trace the appearance I have been 
relating, which, without a general knowlege of the 
foffil bodies of a large tract of country, it is hardly 
poffible to do. 

48. At confiderable diflances from large ridges of 
mountains, the flrata, for the moft part, a flume a 
fituation nearly level j and as the mountainous coun- 
tries are generally formed out of the lower flrata, fo 
the more level countries are generally formed out of 
the upper flrata of the earth. 

49. Hence it comes to pafs, that, in countries of 
this kind, the fame flrata are found to extend them- 
felves a great way, as well in breadth as in length : 
we have an inflance of this in the chalky and flinty 
countries of England and France, which (excepting 
the interruption of the Channel, and the clays, fands, 
&c. of a few counties) compofe a tract of about three 
hundred miles each way; 

fo. Befides the raifing of the flrata in a ridge, 
there is another very remarkable appearance in the 
flructure of the earth, though a very common one } 
and this is what is ufually called by miners, the 
trapping down of the flrata ; that is, the whole fet 
of flrata on one fide a cleft are funk down below the 
level of the correfponding flrata on the other fide. 
If, in fome cafes, this difference in the level of the 
flrata, on the different fides of the cleft, fhould be 

Vol. LI. 4G very 
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▼cry confiderable, it may have a great effecT: in pro- 
ducing fome of the Angularities of particular earth- 
quakes *» 

PART II. 

51. TN the former part of this effay, I have re- 
•*• counted fome of the principal appearances of 
earthquakes, as well as thofe particulars in the ftruc- 
ture of the earth, upon which I fuppofe thefe ap- 
pearances to depend. From what has been already 
laid, I think it is fufficiently manifeft, that, in fome 
inflances at leaft, earthquakes are actually produced 
by fubterraneous fires j it now, therefore, remains to 
be fhewn, how all the appearances above- recited, as 
well as many other minuter circumfbnces attending 
earthquakes, may be accounted for from the fame 
caufe. 

Sect. L 
f i. The returns of earthquakes in the fame places, 
either at fmall or large intervals of time, are very 
confiftent with the caufe afligned : fubterraneous fires, 
from their analogy to volcanos, might reafonably be 
fuppofed to fubfift for many ages, though we had not 
thofe inflances "f* already mentioned, which put the 

* Fig. 2. reprefents a fection of the flrata trapping down after 
the manner juft defcribed. The fedtion is fuppofed to be made 
perpendicularly to the horizon, and at right angles to the direction 
of the cleft : an inftance of this kind, amongft the coal miners of 
Mendip in Somerfetfliire, is mentioned in the Philof. Tranf. See 
the account of it, together with a drawing, in N° 360. or Jones's 
Abr. vol. iv. part ii. pj 260. 

t See art. 28 to 32 inclusive. 

matter 
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matter out of doubt. And, as it frequently happens* 
that volcanos rage for a time, and then are quiet 
again for a number of years ; fo we fee earthquakes 
alfo frequently repeated for fome fmali time, and 
then ceafing again for a long term, excepting, per- 
haps, now and then fome flight fhock. And this 
analogy between earthquakes, and the effects of vol- 
canos, is fo great, that I think it cannot but appear 
ftriking to any one, who will read the accounts of 
both, and compare them together. The raging of 
volcanos is not one continued and uniform effect; 
but an effect, that is repeated at unequal intervals, 
and with unequal degrees of force : thus, for in- 
ftance, we fhall have, perhaps, two or three blafts 
difcharged from a volcano, fucceeding one another 
at the interval of a few feconds only : fometimes the 
intervals are of a quarter of an hour, an hour, a day, or 
perhaps feveral days. And as thefe intervals are very 
unequal, fo is the violence of the blafts alfb : fome- 
times ftones, &c. are thrown, by thefe blafts, to the 
diftance of fome miles j at other times, perhaps, not 
to the diftance of a hundred yards. The fame dif- 
ference is obferved in the intervals and violence of 
the fhocks of earthquakes, which are repeated at 
Crnall intervals for fome time. 

Sect. II. 

5-3. The great frequency of earthquakes in the 
neighbourhood of burning mountains, is a ftrong 
argument of their proceeding from a caufe of the 
fame kind : and the analogy of feveral volcanos lying 
together in the fame tract of country, as well as new 
ones breaking out in the neighbourhood of old ones, 

4G2 tends 
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tends greatly to confirm this opinion j but what makes 
it ftill the more probable, is that peculiarity in the 
ftructure of the earth, already mentioned. I obferved 
before, that the fame ftrata are generally very exten- 
five, and that they commonly lie more inclining from 
the mountainous countries, than the countries them- 
felves : thefe circumftances make it very probable, 
that thofe * ilrata of combuftible materials,, which 

break 

* I has been imagined by fome authors, that volcanos are pro- 
duced by the pyrites of veins, and that they do not owe their origin 
to the matter of ftrata. In order to prove this, it is alleged, that 
volcanos are generally found on the tops of mountains, and that 
thofe are the places in which veins of pyrites are generally lodged* 
This argument being taken from obfervations that have their 
foundation in nature, ought not to go unanfwered. In the firft 
place, then, the pyrites of veins, or fiffures, are not found in fuf- 
ficient quantities, or extending to a fufficient breadth^ to be fup- 
pofed capable of producing the fires of volcanos ; it very rarely 
happens, that we meet with a vein or fiffure five or fix yards wide $ 
and when we meet with fuch an one, yet, perhaps, not a twentieth 
part of it at moft fhall be filled with pyrites j but the fires of vol- 
canos, inftead of being long and narrow, as if the matter that fup- 
plied them was depofited in veins, are generally round, and of far 
greater breadth than veins can be fuppofed to be. Monf. Bouguer 
fays, that the mouth of the volcano Cotopaxi is, at this time, five 
or fix hundred fathoms wide; [fee Hift. and Phil, of Earthquakes, 
p. 195.] and the burning ifland that was raifed out of the fea near 
Tercera, as before-mentioned, was almoft three leagues in diameter, 
and nearly round. [See art; 29.] 

Befides this, it is very difficult to conceive how any matters 
lodged in veins can ever take fir©; for, excepting where the veins 
are extremely narrow, they are almoft always drowned in a very 
great quantity of water, which has free accefs to every part of 
them : neither are the pyrites of veins, by any means, fo apt to 
take fire of themfelves, as thofe of ftrata; and if, indeed, there are 
any of them that will do fo, yet they are but few in comparifon of 
thofe which will not : all thofe, which, befide iron and fulphur, 
contain copper, or arfenic, even in a very fijnall proportion, are not 

at 
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break out in volcanos on the tops of the hills, are to be 
found at a confiderable depth under ground in the level 
and low countries near them. If this fhould be the cafe, 



at all fubjeft to inflame of themfelves. On the other hand, moft of 
the pyrites of ftrata, if not all of them, have this property more or 
lefs. There are alfo two forts of ftrata, in which pyrites are 
lodged in the greateft abundance, that have the fame property, 
and that frequently in as great a degree as themfelves: thefe are 
coals and aluminous earths, or ftiale. There are fome kinds of 
both thefe, that, upon being expofed to the external air for a few 
months, will take fire of themfelves, and burn. Thefe two forts 
of ftrata are alfo near akin to each other ; they are generally found 
to accompany each other ; they are both of them generally inter- 
mixed with, or accompanied by ftrata of iron ore ; and they both 
of them, for the moft part, either contain, or are lodged amongft, 
the remains of vegetable bodies; and thefe remains of vegetable 
bodies, in the aluminous earths, are frequently either wholly, or 
in part, converted into pyrites, or coal, or both. Number-lets, in- 
ftances of this are to be met with in the aluminous fliale of Whitby 
and other places. 

It is very probable, that to fome ftratum of this kind the fires of 
volcanos are owing ; and this feems to be confirmed by the fimi*- 
larity of the materials, which are thrown up or fublimated by the 
fires of volcanos, to the matter of the aluminous earths. Solfatara 
produces fulphur, alum, and fal ammoniac. The two former of thefe 
are very eafily to be obtained from the aluminous earths, and, I 
fuppofe, the latter alfo ; at leaft it is procurable from the foot of 
common foflil coals, and probably, therefore, from the foot of that 
coaly matter which is intermixed with fuch earths. 

The aluminous earths, moreover, not ortly have feveral ftrata of 
iron ore lying in them, but they alfo contain a confiderable propor- 
tion of iron in their compofition. In correfpondence to this, we find 
the lavas of volcanos, and other matters thrown out from thence, 
frequently containing a great deal of iron, the fmall duft of them 
readily adhering to the magnet. 

As to the pyrites of veins, I much doubt whether they ever con- 
tain alum, or fal ammoniac ; at leaft they are very rarely found to 
contain either the one; or the other, 

and 
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and if the fame * ftrata fhould be on fire in any places 
under fuch countries, as well as on the tops of the hills, 
all vapours, of whatfoever kind, raifed from thefe 
fires, muft be pent up, unlefs fo far as they can open 
themfelves a pafiage between the ftrata j whereas the 
vapours raifed from volcanos find a vent, and are dif- 
charged in blafts from the mouths of them. Now, 
if, when they find fuch a vent, they are yet capable 
of making the country to the diftance of ten or twenty 
miles round, what may we not expecl: from them, 
when they are confined ? We may form fome idea 
of the force and quantity of thefe vapours from their 
effects: it is no uncommon thing to fee them throw 
up, at once, fuch clouds of fand, afhes, and pumice 
ftones, as are capable of darkening the whole air, 
and covering the neighbouring country with a mower 
of duft, &c. to fome miles diftance: great ftones 
alfo, of fome tons weight, are often thrown to the 
diftance of two or three miles by thefe explofions : 
and Monf. Bouguer tells us, that he met with ftones 



* It may be afked, perhaps, why a ftratum .liable to take fire 
in fome places, fhould not take fire throughout the whole extent 
of it ? In anfwer to this, it may be faid, that the fame ftratum 
may differ a little in the richnefs of its combuftible principles in 
different places ; or, perhaps, the frequency of the fiffures, either 
in the combuftible ftratum itfelf, or the ftratum next to it, may let 
in fo much water, as to prevent its taking fire, excepting in a few 
places ; but, if this once happens, the fire will not eafily be put out 
again, but it will fpread itfelf, notwithftanding the fiffures that lie in 
its way, though they are filled with water j for the matter on fire 
will be, in fome degree at leaft, in a fluid ftate; and, for this reafon, 
it muft neceffarily expel the water from the fiffures, both on ac- 
count of the extenfion of its own dimenfions by the heat, and of 
the weight of the fuperincumbem earth, which, prefling it, will 
make it fpread laterally, 

in 
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in South America, of eight or nine feet diameter, 
that had been thrown from the volcano Cotopaxi, by 
one of thefe blafts, to the diftance of more than 
* three leagues. 

54. If we fuppofe that thefe vapours, when pent 
up, are the caufe of earthquakes, we muft naturally 
expert, from what has been juft faid, that the moft 
extenfive earthquakes mould take their rife from the 
level and low countries j but more efpecially from the 
fea, which is nothing elfe than waters covering fuch 
countries. Accordingly we find, that the great earth- 
quake of the 1 ft November 1755*, which was felt at 
places near three thoufand miles diftant from each 
other, took its rife from under the fea j this is mani- 
feft, from that wave which accompanied it, as mail 
be fhewn hereafter. The fame thing is to be under- 
ftood of the earthquake that deftroyed Lima in the 
year 1746, which, it has been faid, was felt as far as 
Jamaica; and, as it was more violent than the Lifbon 
earthquake, fo, if this be true, it muft, in all pro- 
bability, have been more extenfive alfo. There have 
been many other very extenfive earthquakes in South 
America: Acofta fays, that they have been often 
known to extend themfelves one, two, or three hun- 
dred, and fome even five hundred leagues, along the 
coaft. Thefe have been generally, if not always, at- 
tended with waves from the feaj but any minuter 

* See Hift. and Philof. of Earthq. p. 195. Don Antonio d'Ulloa, 
an autbor of great veracity, fpeaking of the fame thing, fays, that 
** the whole plain [near Latacunga} is full of large pieces of rocks, 
" fome of them thrown from the volcano Cotopaxi, by one of it* 
*« eruptions, to the diftance of five leagues." See his Voyage to> 
Peru, part i. book vL chap. !► 
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circumftances accompanying them are not related. 
Indeed it is hardly to be expected that they mould 
be obierved, much lefs that they mould be related, 
when they happened in a country fo thinly inhabited, 
and where one may reafonably fuppofe, that, in ge- 
neral, only the groner and more violent effects would 
be taken notice of. 

Sect. TIL 
57. I have faid before, that I imagined earth- 
quakes were caufed by vapours raifed from waters 
fuddenly»let out upon fubterraneous fires. It is not 
eafy to find any other caufe capable of producing 
fuch fudden and violent effe&s, or of raifmg fuch an 
amazing quantity of vapour in fo fmall a time. That 
the blaits, difcharged from volcanos, are always pro- 
duced from this caufe, is highly probable j that they 
are often fo, cannot admit of the leaft doubt. There 
can be no doubt, that considerable quantities of water 
muft be often let out upon the fires of thefe volcanos, 
and whenever this happens, it will be immediately 
raifed by the heat of them into a vapour, whofe 
elaftic force is capable of producing the moft violent 
cfFedts *- 

5-6. BotB. 

* There are many effects produced by the vapour of water, 
when intenfely heated, which make it probable, that the force of 
gunpowder is not near equal to it. The effects of an exceeding 
finall quantity of water, upon which melted metals are acci- 
dentally poured, are fuch, as, I think, could in no wife be ex- 
pected from the like quantity of gunpowder. Founders, if they 
are not careful, often experience thefe effecls to their coft. An 
accident of this kind happened about forty years fince, at the catt- 
ing of two brafs cannon at Windmill-hill, Moorfields, " The 
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$6. Both the tremulous and wave-like motion ob- 
served in earthquakes, -may be very well accounted 

for 



« { heat of the metal of the firft gun drove fo much damp into the 
<c mould of the fecond, which was near it, that as foon as the 
" metal was let into it, it blew up with the greateft violence, tear- 
" ing up the ground forne feet deep, breaking down the furnace, 
" untiling the houfe, killing many fpeclators on the fpot, with the 
*' ftreams of melted metal, and fcalding many others in a mod mi- 
" ferable manner." [See the note at the end of procefs 44th of the 
Englifh tranflation of Cramer's Art of affaying Metals.] 

Other inftances of the violence of vapours raifed from water, are 
frequently to be met with : one of Papin's digefters being placed 
between the bars of a grate, where there was a fire, was, after 
fome time, burft by the violence of the fteam, the fire was all 
blown out of the grate, and a piece of the digefter was driven 
againft the leaf of a ftrong oak table, which it broke to pieces. 
[See Philof. Tranf. N° 454. or Martyn's Abr. vol. viii. p. 465.] 
The marquis of Worcefter alfo, in his Century of Inventions, tells 
us, that he burft a cannon by the fame means. 

It has been fometimes imagined, that the vapours, which occa- 
fion earthquakes, were of the fame kind with thofe fulminating 
damps, of which we often meet with inftances in coal mines. 
Now, there are feveral things which make it very probable, that 
this is not the cafe : it is true, the force of fuch vapours is very 
great ; we have had inftances, where large beams of timber have 
been thrown to the diftance of an hundred yards by them : [fee 
Philof. Tranf. N° 136. or vol. ii. p. 381. Lowthorp's Abr.] but 
what is this to the force of that vapour, which could throw ftones 
of twenty or thirty ton weight to the diftance of three leagues ? 
Nor, indeed, is it at all probable, that any vapour, already in the 
form of a vapour, can, by fuddenly taking fire, increafe its dimen- 
fions fo much, as to produce that immenfe quantity of motion, 
which we obferve in fome earthquakes : but this is rather to be 
expected from fome folid body, fuch as water, which is capable of 
being converted, and that almoft inftantly, into one of the lighteft, 
and perhaps one of the rrioft elaftic, vapours in the world. Air, 
when heated to the greateft degree that it is capable of receiving 
from the hotceft fires we can make, acquires a degree of elafticity 
about five times as great as that of common air : the vapour of 
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for from fuch a vapour. In order to trace a little 
more particularly the manner in which thefe two 

motions 



gunpowder, whilft it is inflamed, has alfo about five times the 
claftic force which it has when cold. [See Robins's excellent 
tract on Gunnery.] Now, if we fuppofe a fulminating damp, of 
any kind, to increafe its elafticity, when inflamed in the fame pro- 
portion, this will be abundantly fuificient to make it produce any 
effects, which we have ever feen produced by any of the damps of 
mines, &c. And,, indeed, whoever carefully examines the effects, 
either of the damps of mines, or of thofe fulminating damps, that 
are raifed from fome metals, when in fufion, or when they are 
difl'olving in acids, will rather be inclined to think, that the force 
of inflamed vapours is fo far from exceeding the proportion of five 
to one, that it falls confiderably fhort of it. 

But though we fhould fuppofe that this proportion holds good, 
where {hall we find a place capable of containing a fuftkient quan- 
tity of fuch a vapour, to produce the great effects of earthquakes ? 
It will be faid, perhaps, in fubterraneous caverns. To this we 
may anfwer, that he, who is but moderately acquainted with the 
ftru&ure of the earth, and the materials of which it is compofed, 
will be little inclined to allow of any great or extenfive caverns in 
it. But, though this fhould be admitted, how can it come to pais 
that thefe caverns fhould not be filled with water ? If it is alleged, 
that the water is expelled, as the vapour is formed, why fhould 
not the vapour, as it is fuppofed to be the lighter, be expelled, 
rather than the water, by the fame paflages by which the water is 
to be expelled ? But let us fuppofe this difficulty alfo to be got 
over, and the water to be removed, and we fhall then have a gage 
for the denfity of the vapour ; for it muft be juft fuificient to make 
it capable of fuftaining a column of water, whofe height is equal 
to that of the furface of the fea above the bottom of the cavern, in 
which the vapour is fuppofed to be contained. Now, fince the 
mean weight of earth, ftones, &c. is not lefs than two and a half 
times the weight of water, this vapour muft be increafed to two 
and half times its original elafticity, before it can, in any wife, 
raife the earth above it ; and if we fuppofe it to be increafed to five 
times its original elafticity, it will then be no more than twice able 
to do fo ; in which cafe, fo much vapour only can be discharged 
from the cavern, to produce an earthquake, as is equal to the 
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motions will be brought about, let us fuppofe the 
roof over fome fubterraneous fire to fall in. If this 
mould be the cafe, the earth, flones, &c. of which 
it was compofed, would immediately fink in the 
melted matter of the fire below : hence all the water 
contained in the fiflures and cavities of the part fall- 
ing in, would come in contact with the fire, and be 
almoft inftantly raifed into vapour. From the firfl 
effort of this vapour, a cavity would be formed (be- 
tween the melted matter and fuperincumbent earth) 
filled with vapour only, before any motion would be 
perceived at the furface of the earth : this muft ne- 
cefiarily happen, on account of the * compreffibility 

of 



content of the cavern : and what muft the fize of that cavern 
be, which could contain vapour enough to produce the earthquake 
of the ift of November 1755, in which an extent of earth of near 
three thoufand miles diameter was confiderably moved r or how can 
"we fuppftfe, that the roof of fuch a cavern, when fo violently 
fhaken, fhould avoid falling in ? efpecially, as it is hardly to be 
fuppofed, that any inflamed vapour whatfoever fhould be able to 
move the earth over thefe caverns, if they lay at any great depth, 
fince the weight of lefs than three miles depth of earth is capable 
of retaining the inflamed vapour of gunpowder within the original 
dimeniions of the gunpowder itfelf ; and common air, comprefled 
by the fame weight (fuppofing the known law of its compreffion to 
hold fo far), would be of greater denfity than water. 

We may afk flill farther, whence fuch vaft quantities of vapour 
fhould be formed, or what fources they muft be, which would 
not be exhaufted (if they were not again replenifhed) by a very few 
repetitions of fuch immenfe difcharges. 

* The compreffibility and elafticity of the earth, are qualities 
which don't fhow themfelves in any great degree in common in- 
ftances, and therefore are not commonly attended to. On this 
account it is, that few people are aware of the great extent of 
them, or the effe&s that may arife from them, where exceeding 
large quantities of matter are concerned, and where the compref- 
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of all kinds of earth, ftones, &c. but as the conv 
preflion of the materials immediately over the cavity, 



would 



five force is immenfely great. The compreffibility and elafticity 
of the earth may be collected, in fome meafure, from the vibration 
of the walls of houfes, occafioned by the paffing of carriages in the 
ftreets next to them. Another inftance to the fame purpofe, may 
be taken from the vibrations of fteeples, occafioned by the ringing- 
of bells, or by gufts of wind : not only fpires are moved very con- 
fiderably by this means, but even ftrong towers will, fomefimes, be. 
made to vibrate feveral inches, without any disjointing of the mor- 
tar, or rubbing of the ftones againft one another. Now, it is ma- 
nifeft, that this could not happen, without a confuierable degree of 
compreffibility and elafticity in the materials, of which they arc. 
compofed : and if fuch fmall things as the weight of fteeples, and 
the motion of bells in them, or a guft of wind, are capable of pro- 
ducing fuch effects, what may we not expect from the weight of 
great depths of earth ? There are fome circumftances, which feem 
to make it not altogether improbable, that the form and internal 
ftrudture of the earth depend, in a great meafure, upon the com- 
preffibility and' elafticity of it. There are feveral things that feem 
to argue a confiderably greater denfity in the internal, than the ex^ 
ternal part of the earth ; and why may not this greater denfity be 
owing to the compreffion of the internal parts arifing from the 
weight of the fuperincumbent matter, fince it is probable, that 
the matter, of which the earth is compofed, is pretty much 
of the fame kind throughout? There is a Cti.ll ftronger ar- 
gument for the earth's owing its form, in fome meafure, to 
the fame caufe; for it is found to be higher [fee the French 
accounts of the meafures of a degree of the meridian in France, 
Sweden, and America] at the sequator, than at the poles, in a 
greater proportion than it would be on account of the centrifugal 
force, if it was of uniform denfity j but, if we fuppofe the earth 
to be of lefs denfity in an equatorial diameter than in the axis, the 
whole will then be eafily accounted for, from the rifing of the earth 
a little by its elafticity, the weight being in part taken off by the 
diurnat rotation : and that the earth is really a little denfer in the 
axis, than in the aequatorial diameter, feems highly probable, from 
the experiments of pendulums compared with aftronomical obferva^ 
tions j for the forms of the earth derived from thefe, cannot be 
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would be more than fufficient to make them bear the 
weight of the fuperincumbent matter, this compref- 
fion muft be propagated on account of the elafticity of 
the earth, in the fame manner as a pulfe is propa- 
gated through the air j and again the materials im- 
mediately over the cavity,, reftoring themfelves be- 
yond their natural bounds, a dilatation will fucceed to 
the compreffion ; and thefe two following each other 
alternately, for fome time, a vibratory motion will be 
produced at the furface of the earth. If thefe alter- 
nate dilatations and compreffions fhould fucceed one 
another at. very fmall intervals, they would excite a 
like motion in the air, and thereby occafion a con- 
fiderable noife. The noife that is ufually obferved 
to precede or accompany earthquakes, is probably 
owing pardy to this caufe, and partly to the grating 
of the parts of the earth together, occafioned by that 
wave-like motion before-mentioned. 

57. After the water, that Srft came in contact 
with the fire, has formed a cavity, all the reft of the 
water contained in the fiffures, immediately commu- 
nicating with the hollow left by the part that fell in. 



reconciled with each other, but upon this fuppofition. [See Mac- 
lauiin's Fluxions^ art. 681, &c] It appears, from fome late and 
accurate obfervations, that the equatorial parts of the planet Jupiter 
a!fo, as well as thofe of the earth, are a little higher than they would 
be, if their rife was owing to the centrifugal force, and he was of 
uniform denfity ; but if we fuppofe him to be of lefs denfity in the 
aequatorial, than, the polar regions, then the form may be fuch as 
he would aflume from the refpeclive gravitation of the feveral parts ; 
and any fluid like our ocean, would not overflow the polar parts, 
(which, upon any other fuppofition, it muft neceffarily do) but 
would follow his general form, as our ocean does that of the 
earth. 

6 muft 
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mufl run out upon the fire, the fleam taking its 
place. From hence may be generated a vafl quantity 
of vapour, the effects of which fhall be confidered 
prefently. This fleam will continue to be generated, 
fuppofing the fire to be fufficiently great, till the fif- 
fures before-mentioned are evacuated, or till the wa- 
ter begins to flow very flowly ; when the fleam al- 
ready formed will be removed by the elaflicity of 
the earth, which will again fubfide, and, prefling 
upon the furface of the melted matter, will force it 
up a little way into all the clefts, by which the water 
might continue to flow out. By this means, all com- 
munication between the fire and the water will be 
prevented, excepting at thefe clefts, where the water, 
dripping flowly upon the melted matter, will gra- 
dually form a crufl upon it, that will foon flop all 
farther communication in thefe places likewife ; and 
the fifTures, that had been before evacuated, will be 
again gradually replenifhed by the oozing of the water 
between the flrata. 

58. As a fmall quantity of vapour almoft inflantly 
generated at fome confiderable depth below the fur- 
face of the earth, will produce a vibratory motion, 
fo a very large quantity (whether it be generated al- 
moft inflantly, or in any fmall portion of time) will 
produce a wave-like motion. The manner in which 
this wave-like motion will be propagated, may, in 
fome meafure, be reprefented by the following expe- 
riment. Suppofe a large cloth, or carpet, (fpread 
upon a floor) to be raifed at one edge, and then 
fuddenly brought down again to the floor, the air 
under it, being by this means propelled, will pafs 
along, till it efcapes at the oppofite fide, raifing the 
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eloth in a wave all the way as it goes. In like man- 
ner, a large quantity of vapour may be conceived to 
raife the earth in a wave, as it paffes along between the 
ftrata, which it may eaflly feparate in an horizontal 
direction, there being, as I have faid before, little or 
no cohefion between one ftratum and another. The 
part of the earth that is firft raifed, being bent from 
its natural form, will endeavour to reftore itfelf by 
its elafticity, and the parts next to it beginning to 
have their weight fupported by the vapour, which 
will infinuate itfelf under them, will be raifed in their 
turn, till it either finds fome vent, or is again con- 
denfed by the cold into water, and by that means 
prevented from proceeding any farther. 

59. If a large quantity of vapour fhould continue 
to be generated for fome time, feveral waves might 
be produced by it j and this would be, in fome mea- 
fure, the cafe, if the quantity at firft generated was 
exceedingly great, though the whole of it was gene- 
rated in lefs time, than whilft the motion was propa- 
gated through the diftance between two waves. 

<5o. Thefe waves muft rife the higher, the nearer 
they are to the place from whence they have their 
fourcej but, at great diflances from thence, they 
may rife fo little, and fo flowly, as not to be per- 
ceived, but by the motions of waters, hanging branches 
in churches, &c. 

61. The vibratory motion occafioned by the firft 
impulfe of the vapour, will be propagated through 
the folid parts of the earth, and therefore, it will 
much fooner become too weak to be perceived, than 
the wave-like motion ; for this latter, being occa- 
fioned by the vapour infinuating itfelf between the 
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ftrata, may be propagated to very great diftances; 
and even after it has ceafed to be perceived by the 
the fenfes, it may ftill difcover itfelf by the appear- 
ances before-mentioned. 

Sect. IV. 

62. All earthquakes derived from the fame fub- 
terraneous fire, muft come to the fame place in the 
fame direction ; and thofe only which are derived 
from different fires, will come from different points 
of the compafs ; but as, in all probability, it feldom 
happens that earthquakes, caufed by different fires, 
affect the fame place, we therefore find in general, 
that they come from the fame quarter: it is not, 
however, to be fuppofed, that this inould always be 
the cafe, for it will, probably, fometimes happen to 
be otherwife : and this is to be expected in fuch 
places as are fituated in the neighbourhood of feveral 
fubterraneous fires; or where, being fubject to the 
fhocks of fome local earthquake of fmall extent, they 
now and then are affected by an earthquake, produced 
by fome more diftant, but much more confiderablc 
caufe. Of this laft cafe, we feem to have had fome 
inftances in the earthquake of the ift of November 
I 7ff> an d thofe local ones, before-mentioned, which 
fucceeded it. 

63. As we may reafonably infer from many earth- 
quakes coming to the fame place, from the fame point 
of the compafs, that they are all derived from the 
fame caufe, and that a permanent one ; fo we may 
reafonably infer the fame thing alfo, from their being 
propagated with the fame velocity; but this argu- 
ment will ftill come with the greater force, if it be 
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considered, that the velocity of any vapour, which 
mfinuates itfelf between the ftrata of the earth, de- 
pends upon the depth of it below the furfacej for 
the deeper it lies, the greater will be its * velocity. 
We may therefore conclude, from the famenefs of the 
velocity of the earthquakes of the fame place, that 
the caufe of them lies at the fame depth ; and from 
the inequality of the velocity of the earthquakes of 
different places, that their caufes lie at different 
depths. Both thefe are perfectly confident with the 
fuppofition, that earthquakes owe their origin to fub- 
terraneous fires, fmce the ftrata in which thefe fubfift, 
may be eafily conceived to lie at different depths in 
different parts of the world. 

Sect. V. 

64. From the fame caufe, we may eafily account 
for thofe local earthquakes, which fucceed the greater 
and more extenfive ones. If there are many fubter- 
raneous fires fubfifting in different parts of the world, 
"the vapour coming from one fire may very well be 
fuppofed, as it paffes, to difturb the roof over fome 
other fire, and, by that means, occafion earthquakes 
by the falling in of fome part of it : and this may be 
the cafe, in fome meafure, even where the vapour 
paffes at fome fmall diftance over the fire ; but it will 
be molt likely to take place, where the vapour either 

* The velocity of fuch a vapour, depending intirely upon the 
elafticity of the earth which is over it, will be, cateris paribus, (if I 
am not miftaken) in the ratio of the depth below the furface. This 
feems to follow from a known law of all elaftic bodies, according 
to which they tend to return to their ftate of reft, when either di- 
lated or comprefled, with forces proportionable to the quantity by 
which they differ from their natural bounds. 
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pafTes at fome diftance under it, or between the 
fhatum, in which the fire lies, and that next above 
or below it. 

PART III. 

Sect. I. 

65". TN the former part of this trail, I fuppofed a 
•*- part of the roof over fome fubterraneous fire 
to fall in : this is an event that cannot happen merely 
accidentally ; for £o long as the roof refts on the mat- 
ter on fire, no part of it can fall in, unlefs the matter 
below could rife and take its place : now, it is very 
difficult to conceive how this mould happen, unlefs it 
was to rife by fome larger paffages than the ordinary 
fiffures of the earth, which feem much too narrow 
for that purpofe; for, befides that the melted matter 
cannot be fuppofed to have any very great degree of 
fluidity, it rauft neceffarily have a hard cruft formed 
upon it, at all the fiffures, by the long continued con* 
taft of the water contained in them : thefe impedi- 
ments feem too great to be overcome by the difference 
of the fpecific gravities of the part that is to fall in> 
and the melted matter, which is the only caufe that 
can tend to make it defcendj the manner therefore, 
in which, I fuppofe, this event may be brought 
about, is as follows : 

66. The matter of which any fubterraneous fire is 
compofed, muft be greatly * extended beyond its ori- 
ginal 

* As all bodies we are acquainted with are liable to be ex- 
tended by heat, there can be no doubt of its being fo in this cafe 

likewife $ 
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ginal dimenfions by the heat. As this will be brought 
about gradually, whilft the matter fpreads itfelf, or 
grows hotter, the parts over the fire will be gradually 
raifed and bent ; and this bending will, for fome 
time, go on without any other confequence; but, as 
the fire continues to increafe, the earth will at laft: 
begin to be raifed fomewhat beyond the limits of it. 
By this means, an annular fpace will be formed at the 
edges next to the fire, and furrounding it, a vertical 
lection of which fpace, through a diameter of the 
fire, will be two long triangles, the fhorteft fide of 
bafe of each hying next the fire, and the two longer 
fides being formed by the upper and lower ftrata, 
which will be feparated for a confiderable extent, 
proportionably to the diftance through which they 
are raifed from each other *.. This fpace will be 

gradually 



iikewife j but the matter of fubterraneous fires is yet much more 
extended, than thofe bodies which are only capable of being melted 
'into a folid glafs, if we may judge of it from what we fee of vol- 
canos ; for the lavas, feiari, and pumice ftones, thrown out from 
thence, even after they are cold, are commonly of much lefs fpe- 
cific gravity, on account of their porous fpongy texture, than the 
generality of earth, ftones, fcjfc. and they frequently are even 
lighter than water, which is itfelf lighter than any known foffil 
bodies, that compofe ftrata in their natural ftate. 

* In Fig. 4. A is fuppofed to reprefent a vertical feftion of the 
matter on fire ; B B, parts of the fame ftratum yet unkindled ; 
CC, the two fe&ians of the annular fpace, (furrounding the fire) 
which is fuppofed to be filled with water, as far as the ftrata are 
feparated ; D, the feveral fets of earth, ftones, &c. lying over 
the fire, which are raifed a little, and bent, by the expanfion of 
the matter at A. As it is not eafy to reprefent the things above 
defcrtbed in their due proportions, it may not be amifs, in order to 
prevent the figure here given from mifleading the reader, to give 
fame random meafures of the feveral parts, fuch as may probably 
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gradually filled with water, as it is formed, the 
melted matter being prevented from filling it, by 
its want of fluidity, as well as on account of the 
other circum ftances, under which it is to fpread 
itfeif j for the lentor and iluggiihnefs of this kind 
of matter is fuch, that, when fomewhat cooled on 
the furface by the contact of the air only, it will not 
flow, perhaps, ten feet in a month, though in a very 
large body ; inftances of which we have in the lavas 
of iEtna, Vefuvius, &c. It is not to be expected 
then, that it mould fpread far, when it comes in con- 
tncl: with water at its edges, as foon as it is formed, 
and when it is, perhaps, feveral months in acquiring 
a thicknefs of a few inches j but it muft, by degrees, 
form a kind of wall between the fire and the open- 
ing into the annular fpace before defcribed. This 
wall will gradually increafe in height, till it becomes 
too tall in proportion to its thicknefs, to bear any 
longer the prefTure of the melted matter j which 



approach towards thofe which are forhetimes found in nature : we 
may fuppofe then the ftratum B to be, perhaps, from ten or twenty 
to a hundred yards in thicknefs ; the greateft height of the annular 
fpace C, next the fire, to be from four or five to ten or fifteen 
feet, and its greateft extent, horizontally, from ten or twenty to 
fifty or fixty feet ; the horizontal extent of the fire at A, may be- 
from half a mile to ten or twenty miles ; [See art. 29. and the note 
to art. 53.] and the thicknefs of the fuperincumbent matter at D, 
may be from a quarter or half a mile to two or three miles ; the 
number of the laminae alfo, into which it is divided, may be many 
times more than thofe in the figure. As to the perpendicular 
fiflures, they muft be fo numerous, and fo fmall, in proportion 
to the other parts, that I chofe rather to leave them, to be fupplied 
by the imagination of the reader, than attempt to exprefs them in a 
manner, that could give no adequate idea of them at all. 
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muft neceflarily happen at laft, becaufe the thick- 
nefs of it will not exceed a certain * limit. 

67. Befides the giving way of this wall, the fire 
may undermine the fpace containing the water, and, 
by that means, open a communication between them. 
Let us fuppofe one of thefe come to pafs, and the 
time arrived when the partition begins to yield. If 
then the water had any way to efcape readily, the 
breach would be made, and the melted matter would 
burft forth immediately, and flow out in large quan- 
tities at once amongft it j but as this is not the cafe, 
and it can only efcape by oozing flowly between the 
flrata, and through the fiflures, the way that it came, 
the breach will be made gradually, from whence we 
may account for fome appearances that have preceded 
great earthquakes. 

68. We are told, that two or three days before 
an "f* earthquake in New England, the waters of fome 
wells were rendered muddy, and ftank intolerably : 



* This limit wiU depend upon the thicknefs of the matter necef- 
fary to prevent fo quick a communication of the heat or cold 
through it, as that the water fhould be able to diminifh the heat 
of the fire conftderably. The thicknefs requifite to do this, is very 
different in different kinds of bodies. Metals of all kinds tranfmit 
heat and cold extremely readily ; but bricks and vitrified fubftances 
(with which laft we may clafs the matter under our prefent confi- 
deration) tranfmit them very flowly : the walls of the botteft of our 
furnaces, when built of bricks, and eighteen inches thick, will not 
tranfmit more heat than a living animal can bear without injury, 
though the fires are continued in them for ever fo long a time ; 
probably, therefore, if we allow two feet for the thicknefs of the 
matter, cooled and rendered hard by the contact of the water, we 
(hall not underdo it. 

+ See Philof. Tranf. N° 437. or Martyn's Abridgm. vol. viii. 
p. 689. 

why 
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why might not this be occafioned by the waters con* 
tained in the fpaces before defcribed, which, being 
impregnated with fulphureous fteams, were driven 
up, and mixed with the waters of the fprings.? At 
leaft, there can be no doubt, by whatfoever means it 
was brought about, that this phenomenon was owing 
to the fame caufe, already beginning to exert itfel£ 
which afterwards gave rife to the fucceeding earth- 
quake. 

6g. Something like this happened before the 
great Lifbon * earthquake of 1755. We are 
told, that at Colares, about twenty miles from 
thence, «' in the afternoon preceding the ift of No- 
" vember, the water of a fountain was. greatly de- 
" creafed : on the morning of the ift of November, 
" it ran very muddy, and after the earthquake, it re- 
" turned to its ufual ftate, both in quantity and clear- 
" nefs." The fame author fays, a little lower, " in 
" the afternoon of the 24th, I was much apprehen- 
*' five, that the following days we mould have an- 
" other great earthquake? for I obferved the fame 
-*' prognoftics as in the afternoon of the 3 ift O&ober ; 
" that is," &c. " And I farther obferved, that the 
" water of a fountain began to be difturbed to fuch 
" a degree, that in the night it ran of a yellow clay 
" colour; and from midnight to the morning of the 
" 25th, I felt five fhocks, one of which feemed to 
cc me as violent as that of the t ith of December." 

70. But the moft extraordinary appearance of any 
that preceded this earthquake, was, that of theagita- 

■— ■-■! — ■■■■■■■II. ■■ I l <—W« -P. l . ■— ^ — — ■ — -,..,■ W~— -, . — ■ W I — H I. — !■■ , 

* See Philof. Tranf. vol. xlix, p. 416 and.417.— or Hift. and 
.Philof. of Earthq. p. 313. 
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tibn of the waters of * Lochnefs, and fpme others of 
the lochs in Scotland, about half an hour before any 
motion was felt at Lifbon, notwithftanding the caufe 
of all thefe great effects could not lie far from thence, 
and, I think, certainly lay to the fouth of Oporto, 
Nor is it probable, that there fhould be any miftake 
in the time, not only becaufe the difference is too 
great, as well as the concurrent teftimonies too many, 
to admit of fuch a folution j but becaufe they men- 
tion another greater agitation, that happened about 
an hour and half after the former $ which latter agrees 
with the times* when the agitations of the waters 
were obferved in England, if we allow only a proper 
interval for the motion to be propagated fo far north- 
ward, proportionably to the time it took up in tra» 
veiling from its original fource near Lifbon. 

71. Thefe appearances feem to be connected with 
that mentioned in the preceding article, and they 
may both, I think, be accounted for, by fuppofing 
a confiderable quantity of vapour to be raifedi 
whilft the partition before-mentioned was begin- 
ning to give way j during which time, a partial 



* See Philof. Tranfl vol. xlix.— or Hift. and Philof. of Earthq. 
art. Lochnefs, Locblommond, &fc. The fame thing alfo feems 
to have taken place in Switzerland j for Monf. Bertrand fays, that 
all the agitations of the waters in the lakes there, which were ob*- 
ferved on the i>ft November 1755, happened between nine and ten 
in the morning; and particularly, at lake Lemaiv he- fays* the agi* 
tation happened juft before ten ; which, allowing for the difference 
of longitude, muft have been jaft before nirae at Lifbon 5 and, con- 
fequently, if there is no mtfbke in the times, all thefe agitations 
preceded the earthquake, at this laft place, by near three quarters 
of an hour. [See Memtirts fur ley irtmblemens de Terre, p. 107 
it. 105;] 
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communication between the water and fire would be 
brought on, and that by degrees only. Hence the 
vapour, not being produced at once but gradually, 
might creep * filently between the ftrata, towards 
that quarter where the fuperincumbent mafs of earth 
was lighteft j and, by this means, fome places very 
near the fource of the vapour might be little, or not 
at all, affected by it, whilft others might be greatly 
affected, though they lay at a great diftance; and 
even thofe places, which lay immediately over the 
part where the vapour was paffing, might not per- 
ceive any effect, on account of the gentlenefs of the 
motion, occafioned by the fmall quantity of it. This 
might continue to be the cafe, till it came to fome 
country where, the fet of ftrata above being much 
thinner, the vapour would not only be hurried for- 
ward, but collected alfo into a much narrower com- 
pafs; and therefore, raifing the earth more, would 
produce more ferifible effects} and this we ought 



* Some appearances that have been obferved in New England 
feem to confirm this, and make it probable, that a fmall quantity 
of vapour is often found to creep filently between the ftrata, before 
a general communication between the water and the fire gives rife 
to the greater and more fenfible effects of earthquakes. See Philof. 
Tranf. N° 462. or Martyn's Abr. vol. vrii. p. 693. where we are 
told, that, at Newbury, a little before any noife or feock was per- 
ceived, the bricks of an hearth were obferved to rife, and, falling 
down again, to lean another way. In the fame account, it is alfo 
faid, that " a few minutes before any fhock came, many people 
*' could foretell it by an alteration in their ftomachs:" an effect, 
which feems to be of the fame kind with fea-ficknefs, and which 
always accompanies the wave-like motion of earthquakes, when it 
is fo weak, as to be uncertainly diftinguilhable, 

chiefly 



[6n ] 

chiefly to expect in. the moft mountainous countries, 
according to the idea before given of them *. 

y%. To make this fomething clearer, let us fup- 
pofe, in Fig. I. the vapour to be pafling between 
the flrata in the dotted line C, and to go forwards, 
till it arrives at A : whilft, then, it paries under the 
deeper parts at E, it will raife the earth over it but 
little, as well becaufe it will be fpread broader and 
thinner, as becaufe it will be more comprefled by the 
weight of the fuperincumbent matter j but as it ar- 
rives towards A, not only the latter part will be 
driven forwards with greater velocity, but the fore- 
moft will travel flower, on account of its travelling 
under a -j- thinner fet of ftrata j and, befides this, the 
load being much lefs, it will greatly expand itfelf. 
From all thefe caufes taken together, the wave at the 
furface of the earth, occafioned by the pafling of the 
vapour under it, will not only be much higher, but 
alfo much fliorter, and, confequently, the fides of it, 
on both thefe accounts, will be much more inclined 
to the horizon: and, moreover, becaufe the progrefs 
of the wave will be flower, it will give more time to 
any waters fituated on one fide of it, to flow one 
way j and on this account alfo, the apparent agitation 
of them will be increafed. 

Sect. II. 
73. We are told, that, in the Lifbon earthquake 
of 17? f } " the bar [at the mouth of the Tagus] was 
" feen dry from fhore to ftiore j then fuddenly the fea, 



* See art. 43. 

t See art. 63. the note. 
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" like a mountain, came rolling in $ and about Bel- 
" lem caftle, the water refe fifty feet almoft in an 
" inftantj. and, had it not Been for the great bay 
" oppofite to the city, which received and fpread 
" the great flux, the low part of it muft have been 
" under water *►" The fame phenomena were ob~ 
ferved to accompany the fame earthquake at the ifland 
of Madeira; where we are told, that, at the city of 
Funchal, " the fea, which was quite calm, was ob~ 
" ferved to retire fuddenly fome paces j then rifing 
w with a great fwell, without the leaft noife, and as 
'* fuddenly advancing, it overflowed the more, and 
** entered the city. It rofe full fifteen feet perpen- 
** dicular above high- water mark, although the tide, 
*' which ebbs and flows there feven feet, was then 
at half ebb. In the northern part of the ifland> 
the inundation was more violent, the fea retiring 
there above one hundred paces at firft, and fud- 
" denly returning, overflowed the more, forcing 
" open doors, breaking down the walls of feveral 
" magazines and fiorehoufes, and carrying away, in 
" its recefs, a confiderable quantity of grain, and 
*' fome hundred pipes of wine -j-." 

74. Both thefe appearances (which have been 
obferved to attend feveral other earthquakes, as 
well as this) feem to admit of an eafy folution, fup- 
pofing the caufe of them to lie under the bed of the 
ocean ; for, in the farther progrefs of the communi- 
cation between the fire and water, the vapour, that is 



* See Hift. and PhiJof. of Earthq. p. 316. 
t See Philof. Tranf. vol. xlix. p. 432, &V.— or Hift. andPhilof. 
of Earthq. p. 329. 
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gradually raifed at firft, will at laft begin to raife the 
roof over the fire, which, being fupported by fo light 
a vapour, there will now be no want of fluidity in the 
matter it refts upon, and the difference of fpecific 
gravity between the two, inftead of being fmall, will 
be very great : hence, if any part of the roof gives 
way, it muft immediately fall in, the vapour readily 
riling, and taking its place j and a beginning being 
once made, a communication will be opened with 
numberlefs clefts and fifTures, that muft occafion the 
falling in of vaft quantities of matter, which, as foon 
as the vapour can pafs round them, will want their 
fupport ; then will follow the great * effe&s already 
defcribed. 

j$. Now, whilft the roof is railing, the waters of 
the ocean, lying over it, muft retreat, and flow from 
thence every wayj this, however, being brought 
about flowly, they will have time to retreat fo gently, 
as to occafion no great difturbance : but as foon as fome 
part of the roof falls in, the cold water contained in 
the fifTures of it, mixing with the fteam, will imme- 
diately produce a vacuum, in the fame manner as 
the water injected into the cylinder of a fteam engine, 
and the earth fubfiding, and leaving a hollow place 
above, the waters will flow every way towards it, 
and caufe a retreat of the fea on all the fhores round 
about: then prefently, the waters being again con- 
verted by the .contact of the fire into vapour, together 
with all the additional quantity, which has now an 
open communication with it, the earth will be raifed, 
and the waters over it will be made to flow every 

* See art. 56 to 60 inclufive. 
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way, and produce a great wave immediately fucceed- 
ing the previous retreat *.. 

Sec t. III. 

j6. That great quantity of water, which we have 
fuppofed to be let out upon fubterraneous fires, and, 
by that means, to produce earthquakes, will fupply 
us with a reafon, why they obferve a fort of periodi- 
cal return. This water muft extinguish a great por- 
tion of the burning matter, in confequence of which, 
it will be contracted within much narrower bounds ; 
and though the effects before defcribed could not 
take place at firft, but by the great extenfion of the 
heated matter, yet, after they have once taken place, 



* It may, perhaps, be objected, that thefe phenomena may as 
cafily be occafioned by a vapour generated under the dry land, 
which, by firft raifing the earth upon the fea-fhore, would make 
the waters retreat ; and that the return of them again, upon its 
fubfiding into its place, might caufe the fubfequent wave. That 
this may be the cafe, in fome inftances, is not impoffible, but, I 
believe, upon examining the particular circumftances, it will ge- 
nerally be found to be otherwise j and there cannot be any doubt 
about it, in the cafe of the Lifbon earthquake; for the retreat was 
•obferved to precede the wave, hot only on the coaft of Portugal, 
but alfo at the ifland of Madeira, and feveral other places : now, 
if the retreat had been caufed by the raifing of the earth on the 
coaft of Portugal, the motion of the waters occafioned by this 
means, when propagated to Madeira, muft have produced a wave 
there previous to the retreat, contrary to what happened j nor 
could the motion of the waters at Madeira be caufed by the earth- 
quake at that place, becaufe it did not happen till above two hours 
after ; whence it is manifeft, that it muft have been owing to the 
continuation of a motion propagated from the place, where the 
earthquake exerted its firft efforts. And we may obferve, in gene- 
ral, that this muft always be the cafe, whenever the retreat does 
not happen till fome confiderable time after the earthquake. 

they 
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they may well continue to do fo for fome time j for 
the great difturbance in the firft inftance, by the 
falling in of a great part of the roof, muft render the 
frequent communication between the fire and water 
not only very eafy, but almoft unavoidable: and this 
will continue to be fo, till the roof is well fettled, 
and the furface of the melted matter fufficiently 
cooled, after which, it may require a long time ft.* 
the fire to heat it again fo much, as will be neceffary 
to make it produce the former effects. Now, as the 
matter has been more or lefs cooled, pr as the com- 
buffible materials are with more or lefs difficulty fet 
©n fire again, as well as on account of other circum- 
ftances, the returns of thefe effects will be later or 
earlier j but though they will not, for this reafon, 
obferve any exact period, yet they will generally fall 
within fome fort of limits, till either the matter that 
occafions them is confumed, (which, probably, will 
feldom happen in lefs than many ages) or till the 
fires open themfelves a paffage, and become vol- 
canos. 

Sect. IV. 

jj. I have already intimated, that the mod exten- 
five earthquakes frequently take their rife from the 
fea. According to the description of the * ftructure 
of the earth before given, any combuftible ftratum 
muft lie at greater depths in places under the ocean, 
than elfewhere ; hence far more extenfive fires may 
fubfift there, than where the quantity of matter over 
them is lefs y for any vapour raifed from fuch fires, 



* See art. 43. 

having 
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having both a ftronger roof over it, and being prefied 
by a greater weight, (befide the additional weight of 
the water) will not only be lefs at liberty to expand 
itfelf, and confequently of lefs bulk, but it will alfo 
be eafily driven away towards the parts round about, 
where the fuperincumbent matter is lefs, and there- 
fore lighter. On the other hand, any vapour raifed 
from fires, where the fuperincumbent matter is 
lighter, finding a weaker roof over it, and being not 
fo eafily driven away under ftrata, that are thicker 
and heavier, will be very apt to break through, and 
open a mouth to a volcano ; and it muft neceflarily do 
this long before the fires can have fpread themfelves 
fufficiently, to be near equal to thofe which may 
fubfift in places that lie deeper. All this feems to 
be greatly confirmed by the fituation of volcanos, 
which are almoft always found on the * tops of 
mountains, and thofe often fome of the higheft in 
the world. 

78. If, then, the largeft fires are to be fuppofed 
to fubfift under the ocean, it is no wonder that the 

* Perhaps this may fupply us with a hint (if the conje<Sture is 
not thought extravagant) concerning the manner in which thefe 
mountains have been raifed, and why the ftrata lie generally more 
inclining from the mountainous countries, than thofe countries 
themfelves ; an appearance not eafily to be accounted for, but 
upon the fuppofition, that the upper parts of the earth reft upon 
matter, in fome degree, though not perfectly fluid, and that this 
matter is lighter than the earth that refts upon it. This conjecture, 
however, will probably be thought lefs ftrange, if it be confidered, 
that the new iflands, formed about Santerini and the Azores, have 
fome of them been raifed from 200 to 300 yards, and upwards ; a 
height which might well enough intitle them to the denomination 
of mountains, if they had been raifed from lands not lying under 
the ocean. [See Fig. 3.] 

molt 



[6, 7 ] 

moft extenfive earthquakes mould take their rife from. 
thence : the great earthquake of Lifbon has been 
* lhewn to have done fo ; and that the caufe of it was 
alfo at a greater depth, than that of many others, ap- 
pears from the greater -f- velocity with which it was 
propagated. 

jcf. The great earthquake that deftroyed Lima 
and Callao in 1 746, feems alfo to have come from 
the fea-; for feveral of the ports upon the coaft were 
overwhelmed by a great wave, which did not arrive till 
four or five minutes after the earthquake began, and 
which was preceded by a % retreat of the waters, as 
well as that at Lifbon. Againft this, it may, perhaps, 
be alleged, that there were four |[ volcanos broke out 
fuddenly, in the neighbouring mountains, when this 
earthquake happened, and that the fires of thefe 
might be the occafion of it. This however, I think, 
is not very probable ; for, to omit the argument of 
the wave, and previous retreat of the waters, already 
mentioned, it is not very likely, that more than one 
fire was concerned : befides, the vapour, opening it- 
felf a paffage at thefe places, could not well be fup- 
pofed, if it took its rife from thence, to fpread itfelf 
far 5 efpecially towards the fea, where it is manifeft, 



* See art. 54. See alfo art. 94 to 97 inclufive. 

t See the note to art. 63. 

% Both the wave and previous retreat have been obferved in the 
other great earthquakes, which have happened at Lima, and in the 
neighbouring country. See d'Ulloa's Voyage to Peru, part' ii<» 
book i. chap. 7. 

|| If thefe volcanos were not new ones, but only old ones which 
broke out afrefh, [See the note to art, 34.J the argument will come 
with ftill greater force. 

that 
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that the fir ata over it were of great thicknefs, as ap- 
pears from the great velocity with which the earth- 
quake was propagated there: the fhocks alfo con- 
tinued with equal, or nearly equal violence, for fome 
months after the openings were made j whereas, if 
thefe fires had been the caufe of them, they muft 
immediately have ceafed, upon the fires finding 
a vent, as it has happened in other * cafes. It is 
therefore much more probable, that a very large 
quantity of vapour, taking its rife from fome far 
more extenfive fire under the fea, fpread itfelf from 
thence ; and as it palled in places, where the roof 
over it was naturally much thinner, as well as greatly 
weakened by the undermining of thefe fires, it opened 
itfelf a pafiage, and burft forth. 

80. As the moft extenfive earthquakes generally 
proceed from the loweft countries, but efpecially 
from the fea, fo thofe of a fmaller extent are gene- 
rally found amongft the mountains: hence it almoft 
always happens, that earthquakes, which are felt near 
the fea, if at all violent, are felt alfo in the higher 
lands; whereas there are many amongft the hills, 
and thofe very violent ones, which never extend 
themfelves to the lower countries. Thus we are 
told, that, at Jamaica, " -j* makes often happen in 
*' the country, not felt at Port-Royal ; and fome- 
*' times are felt by thofe that live in and at the foot 



* See art. 28. 

t This is taken from an account of the earthquake that hap- 
pened at Jamaica in the year 1692, which, as well as fome others 
before- mentioned, was attended with the wave and previous re- 
treat. See Philof. Tranf. -N 209. or Lowthorp's Abr. vol. ii. 
p. 417 and 418. 

" of 
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** of the mountains, and by no body elfe." On the 
other hand, the earthquake that deftroyed Port- 
Royal extended itfelf all over the ifland : and the 
fame was obferved of a fmaller earthquake, that hap- 
pened there in 1687-8} which latter undoubtedly 
came from the fea, as appears by Sir * Hans Sloane's 
account of it. 

? 1 . Earthquakes of fmall extent are alfo very com- 
mon amongft the mountains of Peru and Chili. An- 
tonio d'Ulloa fays, " Whilft we were preparing for 
" our departure from the mountain Chichi-Choco, 
" there was an earthquake which was felt four 
" leagues round about : our field tent was toffed to 
" and fro by it, and the earth had a motion like 
" that of waves ; this earthquake, however, was 
" one of the fmalleft, that commonly happen in that 
" country." The fame author tells us, in another 
place, that, " during his ftay at the city of Quito, 
" or in the neighbourhood of it, there were two 
"earthquakes, violent enough to overturn fome 
*< houfes in the country, which buried feveral perfons 
" under their ruins." 

Sect. V. 

8a. It is generally found, that earthquakes in hilly 
countries, are much more violent than thofe, which 
happen elfewherej and this is obferved to be the 
cafe, as well when they take their rife from the 
lower countries, as amongft the hills themfelves. 
This appearance being fo eafily to be accounted for, 
from the ftrucliure of the earth already defcribed, I 

* See Phil. Tranf. N° 209, or Lowthorp's Abr. vol. ii. p. 410. 
Vol. LI. ' 4L mail 
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{hall content myfelf with eftablifhing the certainty of 
a facl:, which tends fo greatly to confirm it. 

83. The earthquakes that have infefted fome of 
the towns in the neighbourhood of Quito, have not 
only been incomparably more violent than that which 
deftroyed Lifbon, but they feem to have exceeded 
that alfo which deftroyed Lima and Callao. In 
* Lifbon, many of the houfes were left /landing, 
although few of them were lefs than four or five 
(lories high. At Lima alfo, it is only faid, that " all 
" the buildings, great and fmall, or at leaft the 
" greateft part of them, were deftroyed." Callao 
likewife, as it appears from the accounts we have of 
it, had many houfes left unhurt by the earthquake, 
till the wave came, which overwhelmed the whole 
town, and threw down every thing that lay in its 
way. All thefe effe&s feem to be greatly fhort of 
thofe produced by an earthquake that happened at 
Latacunga, in the year 1 608, when the whole town, 
confiding of more than fix hundred houfes, was en- 
tirely deftroyed in lefs than three minutes time, a 
part of one only efcaping; notwithftanding that the 
houfes there are never built more than one ftory high, 
in order, if pofiible, to avoid thefe dangers. Am- 
bato, a village about the fame fize as Latacunga, to- 
gether with a great part of Riobamba, another town 
in the fame neighbourhood, were alfo entirely de- 
ftroyed by the fame earthquake, and fome others 
were either deftroyed, or received confiderable damage 



* See Philof. Tranf. vol. xlix. p. 403. where it is faid, " of 
"the dwelling-houfes, there might be about one fourth of them 
«« that tumbled." 

from 
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from it. At the fame time, a volcano burft out fud- 
denly in the neighbouring mountain of Carguayrafo, 
as before-mentioned j and, " near Ambato, the earth 
" opened itfelf in feveral places, and there yet re- 
* c mains, to the fouth of that town, a cleft of four 
" or five feet broad, and about a league in length, 
" lying north and fouth j there are alfo feveral other 
" like clefts on the other fide of the river." The city 
of * Quito was affedted at the fame time, but re- 
ceived no damage, though it is no more than forty- 
two geographical miles from Latacunga, not far from 
whence the greateft violence of the ftiock feems to 
have exerted itfelf. Thefe towns are fuppofed to 
ftand by far the higheft of any in the world, being 
as high above the level of the fea, as the tops of fome 
of the higheft mountains in Europe j and the ground 
upon which Riobamba Hands, wants but -j- ninety 
yards of being three times as high as Snowdon, the 
higheft mountain in Wales. 

84. The country upon which thefe towns ftand, 
ferves as a bafe, from whence arife another fet of 
high lands and mountains, which are much the 
higheft in the known world. Amongft thefe moun- 
tains there are no lefs than fix volcanos, if not more, 



* The city of Quito (lands lower than the level of Riobamba, 
by about 500 yards perpendicular. Though it efcaped this, it 
has lately, however, been deftroyed by another violent earthquake, 
that happened on the 28th April 1756, of which I have not yet 
feen any other particulars worth notice. 

f This is according to Antonio d'Ulloa's account j but Monf. 
Condamine makes it exactly three times the height of Snowdon, 
computing it at 1770 touts. [See his meafure of a degree of the 
meridian.] 
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within an extent of 120 miles long, and lefs than 
thirty broad, the loweft of which exceeds the height 
of Riobamba by above two thirds of a mile, and the 
higheft by more than twice that quantity. Now, as 
the earthquakes have been more violent at the foot of 
thefe mountains, than in the lower lands, fo they 
have been ftill more violent towards the tops of them : 
this is fufficiently manifeft, from the many * rents 
made in them, and the rocks that have been broken 
off from them, upon fuch occasions : but it appears 
ftill more manifeftly, and beyond all difpute, in the 
burfting forth of volcanos, which are almoft always 
at the very -f- fummit of the mountains, where they 
are found. In thefe inftances, the earth, ftones, &c. 
which lay over the fire, are generally fcattered by the 
violence of the vapour, that breaks its way through, 
to the diftance of fome miles round about. 

8f. The great earthquake of the 1 ft November 
1 7f f> was a ^° mor e violent amongft the mountains, 
than at the city of Lifbon. We are told, that " the 
" mountains of Arrabida, Eftrella, Julio, Marvan, 
" and Cintra, being fome of the largeft in Portugal, 
*' were impetuoufly fhaken, as it were, from their 
" very foundations ; and moft of them opened at 
<{ their fummits, fplit and rent in a wonderful man- 
" ner, and huge mafles of them were thrown down 
* ' into the fubjacent vallies ■$."" 



* See d'Ultoa's Voyage to Peruj part i. book vi. chap. 2. 

+ The only exceptions that I know of to this rule, are in thofe 
cafes, where the higheft part having an opening already, Ibme 
frefh mouth opens itfelf in the fide of the mountain. 

X See Hift. and Philof. of Earthq,. p. 317. 

86. The 
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86. The fame was obferved at Jamaica likewife. 
In the earthquake that deftroyed Port-Royal in 1 602, 
we are told, that " more houfes were left ftanding 
« c at that town, than in all the ifland befides. It was 
" fo violent in other places, that people were violently 
" thrown down on the ground, where they lay with 
" their legs and arms fpread out, to prevent being 
" tumbled about by the incredible motion of the 
" earth. It fcarce left a planter's houfe or fugar- 
M work ftanding all over the ifland : I think it left 
" not a houfe ftanding at PafTage fort, and but one 
" in all Liganee, and none in St. Iago, except a few 
" low houfes, built by the wary Spaniards. In Cla- 
" rendon precinft, the earth gaped, and fpouted up, 
" with a prodigious force, great quantities of water 
" into the air, twelve miles from the fea $ and all 
** over the ifland, there were abundance of openings 
" of the earth, many thoufands. But in the moun- 
** tains, are faid to be the moft violent makes of all} 
" and it is a generally received opinion, that the 
'* nearer to the mountains,, the greater the makej. 
" and that the caufe thereof, whatever it is, lies 
" there. Indeed they are ftrangely torn and rent, 
" efpecially the blue, and other higheft mountains* 
" which feem to be the greateft fufFerers, and which, 
*' during the time that the great fhakes continued, 
" bellowed out prodigious loud noifes and echo- 
" ings. 

87. " Not far from Yallowes, a mountain, after 
" having made feveral moves, overwhelmed a whole 
" family, and a great part of a plantation, lying a 
** mile off j and a large high mountain near Port- 

" morant, 
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u morant, near a day's journey over, is faid to be 
" quite fwallowed up. 

88. " In the blue mountains, from whence came 
" thofe dreadful roarings, may reafonably be fup- 
" pofed to be many ftrange alterations of the like 
" nature j but thofe wild defart places being very 
" rarely, or never vifited by any body, we are yet 
" ignorant of what happened there; but whereas 
" they ufed to afford a fine green profpeft, now one 
" half part of them, at leaft, feem to be wholly de- 
" prived of their natural verdure *." 

Sect. VI. 

89. I have fuppofed, that fires lying at the greateft 
depths generally produce the moft extenfiVe earth- 
quakes; we muft, however, except from this rule 
thofe cafes where the depths are very great: for, as 
the weight of three miles perpendicular of common 
earth is capable of abfolutely repreffing the vapour of 
inflamed gunpowder, fo we may well fuppofe, th&t 



* See Philof. Tranf. N° 209. or Lowthorp's Abridg. vol. ii. 
p. 416, t&c. where there is a great deal more to the fame purpofe. 
See alfo Hift. and Philof. of Earthq. p. 286 and 287. 

From the authorities quoted in this fection, it appears, how 
little reafon there is for the notion, that either, large cities, or 
towns fituated near the fea-coaft, are more fubjefit to violent 
earthquakes than others : it is not, however, much to be won- 
dered at, that fuch a notion fhould have prevailed, after the great 
definition that happened in fo large and populous a city as Lifbon ; 
fince the demolition of a few ruinous houfes only, in fuch a place, 
would have afFe£ted the imaginations of men more, and would 
have been more talked of, than the fubverfion of whole mountains 
in fome wild and defart country, where at moft half a dozen un- 
known fhepherds might feel the effefls of it, or perhaps only fee it at 
a diftance. 

there 
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there may be a quantity of earth fufficient to reprefs 
the vapour of water, and keep it within its original 
limits, though ever fo much heated. Now, when- 
ever this is the cafe, it is manifeft, that it can pro- 
duce no effedt : or, it may happen, that though the 
quantity of earth may not be fufficient abfolutely to 
reprefs the vapour, yet it may be fo great, as to fuffer 
it to expand but very little : in this cafe, an earth- 
quake arifing from it would be but of fmall extent; 
the wave-like motion would be little or none ; the 
vibratory motion would be felt every- where; and 
the propagation of the motion would be very quick. 
This laft circumftance being almoft the only one, 
by which thefe earthquakes can be known from thofe 
which owe their origin to fhallower fires, it muft be 
very difficult to diftinguifh them with certainty, as 
it is almoft impoffible to diftinguifh the difference of 
the time of their happening in different places, when 
the whole, perhaps, is comprehended within the fpace 
of two or three minutes ; poffibly, however, fome of 
the earthquakes, which we have had in England, may 
have been of this elafs. 

Sect. VII. 

90. If we would inquire into the place of the ori- 
gin of any particular earthquake, we have the fol- 
lowing grounds to go upon. 

or. Firft, The different directions, in which it 
arrives at feveral diftant places : if lines be drawn in 
tbefc directions, the place of their common inter- 
feron muft be nearly the place fought; but this is 
liable to great difficulties; for there muft necefTarily 
be great uncertainty in observations, which cannot, at 

belt, 
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beft, be made with any great precision, and which are 
generally made by minds too little at eafe to be nice 
obfervers of what paffesj moreover, the dire&ions 
thcmfelves may be fomewhat varied, by the inequali- 
ties in the weight of the fuperincumbent matter, tin- 
der which the vapour pafles, as well as by other 
caufes. 

p2. Secondly, We may form fome judgment con- 
cerning the place of the origin of a particular earth- 
quake, from the time of its arrival at different places; 
but this alfo is liable to great difficulties. In both 
thefe methods, however, we may come to a much 
greater degree of exa&nefs, by taking a medium 
amongft a variety of accounts, as they are related by 
different obfervers. But, 

93. Thirdly y We may come to the greatefr. degree 
of exadtnefs in thofe cafes, where earthquakes have 
their fource from under the ocean ; for, in thefe in- 
ftances, the proportional diftance of different places 
from that fource may be very nearly afcertained, by 
the interval between the earthquake and the fucceed- 
ing wave: and this is the more to be depended on, 
as people are much lefs likely to be miftaken in de- 
termining the time between two events, which fol- 
low one another at a fmall interval, than in obferving 
the precife time of the happening of fome fingle 
event. 

94. Let us now, by way of example, endeavour 
to inquire into the fituation of the caufe, that gave 
rife to the earthquake of the ift of November 1755-, 
the place of which feems to have been under the 
ocean, fomewhere between the latitudes of Lifbon 
and Oporto, (though probably fomewhat nearer to 

the 
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the former) and at the diftance, perhaps, of ten or 
fifteen leagues from the coaft. For, 

95. Firft, The dine&ion, in which the earthquake 
arrived at Lifbon, was from the north-weft j at Ma- 
deira it came from the north-eaft; and in England 
it came from the fouth-weft j all of which perfectly 
agree with the place affumed *. 

96. Secondly, The times in which the earthquake 
arrived at different places, agree perfectly well alfo 
with the fame point. And, 

97. Thirdly, The interval between thefe, and the 
time of the arrival of the fubfequent wave, concur in 
confirming it. That all this might appear the better, 
I have fubjoined the following table, affuming the 
point, from whence I compute, at the diftance of 
about a degree of a great circle from Lifbon, and 
a degree and half from Oporto. In confequence of 
this fuppofition, I have added three minutes to the 
interval between the time When the fhock was felt 
at Lifbon, and at the feveral other places. The firfl 
column in the table contains the names of places ; 
the fecond, the diftances from the afTumed point, 
reckoned in half degrees ; the third, the time that 
the earthquake took up in travelling to each, ex- 
preffed in minutes j and the fourth contains the time 
in which the wave was propagated, from its fource to 
the refpedrive places, exprefTed in minutes likewife. 



* All thefe directions, together with the times when the earth- 
quake, as well as the fucceeding wave, arrived at different places, 
(two or three only excepted) are taken from the 49th volume of the 
Philof. Tranf. and the Hift. and Philof. of Earthq. To thefe, I 
muft refer the reader for the particular authorities, which, as they 
are very numerous, I was not willing to quote at length. 

Vol. LI. 4M Lifbon 
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Lifbon * - 
Oporto * 
Ayamonte 
Cadiz - • 
Madrid - 
Gibraltar - 
Madeira - 
Mountfbay 
Plymouth 
Portfmouth 
Kingfale 
Swanfea - 
The Hague 
Lochnefs - 
Antigua - 
Barbadoes 



Halfdeg. 


Min. 


Min. 


2 


3 


12 


3 


5 




6 




53 


9 


12 


82 


9 


11 




ii 


18 




*9 


25 


152 


20 




267 


21 




360 


2 3 


2<> 




2 3 




290 


24 




53° 


3o 


32 




33 


66 




<>8 




5<% 


101 1 




4*5 



5)8. In computing the times in the preceding table, 
allowance was made for the difference of longitude, 
as it is laid down in the common maps, which are 



* It appears, by all the accounts, that the interval between the 
earthquake and wave, either at Oporto or Lifbon, was not Jong : 
1 have met with no account yet, however, which tells us how long 
it was at the former, and only one which mentions it at the latter, 
where it is faid to have been nine minutes. [See Memokes fur Its 
trembhmens de Terre, p. 245. compared with Hift. of Earthquakes, 
P- 3*5-] Thefe intervals, if we knew them exa&ly, might have 
ferved, perhaps, to afcertain the diftance of thofe two places from 
the original fource a little more accurately ; but, as the diftance of 
neither from thence could be very great, a fmall difference in them 
would hardly fenfibly affect any of the others ; from which, there- 
fore, we may draw the fame general conclusions, as if they wese 
exact. 



not 



[ 62 9 ] 

not always greatly to be depended on. The times 
themfelves alfo are often fo carelefly obferved, as 
well as vaguely related, that they are many of them 
fubject to confiderable errors j the concurrent teiti- 
monies, however, are fo many, that there can be 
no doubt about the main point ; and, that the errors 
might be as fmall as poffible, I have not only en- 
deavoured to felect thofe accounts that had the greateft 
appearance of accuracy, but, in all cafes where it was 
to be had, I have always taken a mean amongft them. 
In many of the accounts, the relaters fay only be- 
tween fuch hours, or about fuch an hour : of this 
kind were the accounts of the times of the agitation 
of the waters at The Hague and Lochnefs, which 
vary the moft from a medium of the reft, the former 
erring about feven minutes in defect, and the latter 
about twenty minutes in excefs j with regard to 
the latter, however, I muft obferve, that, from the 
account itfelf, it is probable the agitation happened 
fooner than eleven o'clock, which is the time men- 
tioned. The accounts alfo of the time of the agita- 
tion of the waters in the northern parts of England, 
feem to confirm the fame thing *. 

99. It is obfervable, in the preceding table, that 
the times, which the wave took up in travelling, are 

* As the fliorteft way that the vapour could pafs from near Lifbon 
to Lochnefs was under the ocean, poffibly it might, on that ac- 
count, be fomewhat retarded ; for the water adding to the weight 
of the fuperincumbent mafs, and not to its elafticity, muft produce 
this effedV in fome degree ; it is probable, however, that this could 
make no great difference, as the motion feems to have been very 
little retarded in its paffage from the original fource to Madeira, to 
which place, I fuppofe, it muft have paffed under deeper feas than 
would be found in its road to Scotland. 

4.M 2 not 
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not in the fame proportion with the difrances of the 
refpe&ive places from the fuppofed fource of the 
motion ; this, however, is no objection againft the 
point affumed, fince it is manifeft, wherever it was, 
that it could not be far from Lifbon, as well becaufe 
the wave arrived there fo very foon after the earth- 
quake, as becaufe it was fo great, rifing, as we are 
told, at the diftance of three miles from Lifbon, to 
the height of fifty or fixty feet. The true reafon of 
this difproportion, feems to be the difference in the 
depth of the water j for, in every inftance in the above 
table, the time will be found to be proportionably 
fhorter or longer, as the water through which the 
wave paffed was * deeper or Shallower. Thus the 
motion of the wave toKingfale or Mountfbay (through 
waters not deeper in general than 200 fathoms) was 
flower than that to Madeira, (where the waters are 
much deeper) in the proportion of about three to 
five; and it was flower than that to Barbadoes, 
(where its courfe lay through the deepeft part of the 
Atlantic ocean) nearly in the proportion of one to 
three : fo likewife the motion of it from the Scilly 
iflands to Swanfea in Wales (where the depth gra- 
dually diminifhes from about fixty or feventy fa- 
thoms to a very fmall matter) was flill flower than 
that to Kingfale, in the proportion of lefs than one 
to three : the fame thing is obfervable with regard to 

* We have an inftance to this purpofe in the tides, which, in 
deep waters, move with a velocity that would carry them round 
the whole earth in a fingle day 5 but as they get into fhallower 
waters, they are greatly retarded : and we are told, that in the 
river of Amazons, the fame tide is- found running up to the tenth, 
or twelfth day, before it is entirely fpent. [See CondaminSs Voyage 
down the Mar anon. \ 

Plymouth 
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Plymouth alfo, where the wave arrived about ninety 
minutes later than at Mountfbay, though the difference 
of their diftance from the firft fource could not, upon 
any fuppofition, be more than forty or fifty miles. 

Sect. VIII. 

ioo. If we would inquire into the depth, at which 
the caufe lies, that occafions any particular earth- 
quake, I know of no method of determining it, which 
does not require obfervations not yet to be had j but 
if fuch could be procured, and they were made with 
fufficient accuracy, I think fome kind of guefs might 
be formed concerning it : for, 

i pi. Firji, In thofe inftances, where the vapour 
difcharges itfelf at the mouths of volcanos, (as in the 
cafe of the earthquake at Lima) it might, perhaps, 
be poffible for a careful obferver to trace the * thick- 
nefs of the feveral ftrata from thence to the place 
where the earthquake took its rife, or at leaft as far 
as the more, if it took its rife from under the fea. 
If this could be once done in any one inftance, and 
the velocity of fuch an earthquake nicely determined, 
we might then guefs at the depth of the caufe in 
other earthquakes, where we knew their velocity, by 
taking the -f depths proportional to thofe velocities, 
which probably would anfwer very nearly. 

ioa. Secondly, If, in any inftance, it mould be 
poffible to know how much the motion of any earth- 
quake was retarded by paffing under the ocean, the 



* This is upon the fuppofition, that the under ftrata, in attend- 
ing up the hills, come to the day in the manner before defcribed. 
See art. 43. and Fig. 3. 

t See the note to art. 63. 

depth 
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depth of the ocean being known, the depth at which 
the vapour pafled would be known alfo ; for the ve- 
locity under the water would be to the velocity, if 
there had been no water, in the fubduplicate ratio of 
the weight in the latter cafe to the weight in the 
former ; hence allowing earth to be about two and 
half times the weight of water, the depth will be 
readily found. 

103. Thirdly, Let us conceive the earth to be 
formed according to the idea before given of it, and 
that the fame ftrata are at a medium of the fame 
thicknefs for a very great extent, as well in thofe 
places, where feveral of the upper ones are wanting, 
as where they are not. Upon this fuppofition, we 
may difcover the depth, at which the vapour paffes, 
by comparing the feveral velocities of the fame earth- 
quake in places, where the*thicknefles of the fuper- 
incumbent mafs are different. It mull be acknow- 
leged, indeed, that fuch obfervations with regard to 
time, as would enable us to determine thefe veloci- 
ties, are in general much too nice to be expected : 
the matter, however, is not altogether defperate, as 
we may colled them, in fome meafure perhaps, from 
other circumftances, fuch, for inftance, as the degree 
of -j* agitation in different waters, the proportional 
% fuddennefs, with which the earth is lifted in dif- 
ferent places, &c, 

104. As 



* In order to know this difference, it will be neceflary to trace 
the thicknefs of thofe ftrata, which are found in fome of the places, 
but are wanting in others. 

t See art. 71 and 72. 

% This may be known from the diftance to which the mercury 
fubudes in the barometer, upon the firft railing of the earth by the 

vapour. 
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1 04- As the obfervations relating to the earthquake 
or the i ft of November 1755 are too grofs, it would 
be in vain to attempt, by any of the foregoing me- 
thods, to determine with any certainty the depth at 
which the caufe of it lay ; but, if I might be allowed 
to form a random guefs about it, I mould fuppofe, 
(upon a comparifon of all circumftances) that it could 
not be much lefs than a mile, or a mile and half, and 
I think it is probable, it did not exceed three miles. 

CONCLUSION. 

105. Thus have I endeavoured to mew how the 
principal phenomena of earthquakes may be pro- 
duced, by a caufe with which none, that I have feen, 
appear to me to be incompatible. As I have not 
knowingly mifreprefented any fa£t, fo neither have I 
defignedly omitted any that appeared to affed: the main 
queftion ; but, that I might not unnecefTarily fwell 
what had already much exceeded the limits at firft in- 
tended for it, I have omitted, 

106. Firft, Thofe- minuter appearances, which 
almoft every reader would eafily account for, from 
what has been faid already, and which did not feem 
to lead to any thing farther : fuch, for inftance, are 
the fudden flopping and gufhing out of fountains, oc- 
caiioned by the opening or contracting of fifTures ; the 
dizzinefs and ficknefs people feel, from the almoft 
imperceptible wave-like motion, &c . 



vapour. I don't find, that this phenomenon, which is a common 
attendant on earthquakes, was obferved any-where, at the time of 
the earthquake of the ift of November 1755, except at Amfter- 
dam, where the mercury fubfided more than an inch. See Hilt. 
and Philof. of Earthq. p. 309. 

107. »5V- 
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107. Secondly, Thofe appearances which feemed 
to depend upon particular circumftances, and of 
which, therefore, unlefs we had a more exacl: know- 
lege of the countries where they happened, it would 
have been impoffible to give any account, without 
having recourfe to uncertain conjectures; of this kind, 
was the greater agitation of the waters in the lakes of 
Switzerland, at the time of the earthquake of the ift 
of November 175-5-, than during the * earthquake of 
the 9th of December following, though the houfes 
upon the borders of them were more violently fhaken 
by the latter. And, 

108. Laftly, Thofe appearances, which only feem 
to have an accidental conne&ion with earthquakes, or 
the caufes of them j of this kind, are the effedts which, 
in fome inftances perhaps, they produce on the wea- 
ther ; the diftempers which are fometimes faid to fuc- 
ceedthem; the difturbance which, we are told, they 
have fometimes occasioned, during the fhocks, in the 
dire&ionof the magnetic needle, &c. none of which 
are obferved to be conftant attendants on earthquakes, 
nor do they feem materially to afFecl: the folution given 
either one way or Other. 



* See Monfieur Bertrand's Memoires fur Its tremblemens de 
Ttrrt, 
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